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00K REVIEW 


Chemists in Combination 

Two great chemical societies meet in New York dur- 
ing the week of September 25 to 30, when the chemical 
exposition takes place: the American Chemical and the 
American That the major 
organizations should meet at the same time is reason- 
able and wise, provided the idea is not carried too far. 
If the Chemical Engineers and the Society of Chemical 
Industry were also to foregather on the same days there 
might be a little overlapping. 

The number of chemical bodies is a sign of activity, 
and they spur one another on to avoid the ruts and 
grooves of dullness. 


Electrochemical Societies. 


It is very easy for a learned society 
to grow obese and heavy, to save its offices as rewards 
for age and prosperity among the incumbents and to 
meet for the achievement of dignity and admiration. It 
is pleasant to sit, fat-headed, in big chairs, to pass res- 
olutions in praise of science and the learned and dis- 
tinguished body of savants who grace the occasion by 
their inspiring presence—and let it go at that. Most 
of us are capable of drifting into just such complacency 
—if nobody bothers us and everything comes our way 
and there isn’t anybody else to do better. But when 
learned societies multiply—within reason, of course— 
there is less likelihood of the substitution of mutual 
admiration for work One or two of them is bound to 
get busy, and with that the others also see that there is 
something to do. 

We have in mind a certain society that had its origin 
and was located far away from here, with a name as im- 
posing as that of the Sultan of Turkey and a charter 
as broad as that of the Manhattan Company, that for 
years and years did not contribute a single thing of 
real value to the public welfare. It had strong men 
and good men among its members, but the society did 
not do anything. It just lived along, blissfully content, 
assured of its social standing, and it served the pur- 
pose of its organization for public welfare by posing as 
the repository of transcendant wisdom. Suddenly a new 
condition arose and the service which it was supposed to 
render was called for. Then came trouble; pose the 
honorable body had; pose and poise, but it could not 
work; it was not set up to work. All of a sudden some 
technical men were drummed up apparently from no- 
where at all, and the plain fellows, without honors and 
decorations, turned the trick and saved the day. 

Now there is no present danger that such a situation 
will arise among our chemical societies. And yet, 
safety lies not so much in numbers as in the absence 
of vanity. Self-sufficiency is the killing thing. As soon 
as all the societies regard themselves as Perfect and 
Final Repositories of Knowledge, all will degenerate. 
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Indeed, as soon as any of them regards itself as hav- 
ing attained the pinnacle of desire, the feeling that it 
is accomplishing all that may be asked of it, so soon will 
its efficiency cease and the work have to be done by 
the others Vanity and laziness 
are contagious maladies, and if one goes off there is 
the hazard that the others will follow. Fortunately the 
relations between the various chemical societies are full 


-as long as they last. 


of friendliness and good will, and those in authority are 
men of catholic mind and disposition. Thus are petty 
jealousies avoided, out of which malice and anger grow. 
This is a matter of supreme importance, for anger kills 
With all 
respect for every religious faith be it said, we have oc- 
seen with a 
churches, and these seemed, somehow, to fail in the pur- 


the spirit of friendship and cripples progress. 


casionally little towns dozen or more 
poses of their organization, to fall short of establishing 
that brotherhood of man which leads to the Kingdom of 
God. A little investigation brought out the fact that 
each one was officially sure it was right and that all the 
others were wrong. It is the great good fortune of the 
scientific societies that they are free from these differ- 
ences. 

Professor Tyndall had a Scotch servant who served 
him faithfully to the end of his days. 


he rapped upon his door and said: 


Every morning 
“A-r-r-rise, Sir, 
a-r-r-rise! Tis seven o’clock an’ ye have a g-r-r-reat 
wor-r-rk to do this day.” Now much 
greater than all the societies, its fields hither and yon 
are unploughed and uncultivated to so vast an extent, 


science is so 


the battle against poverty and waste is so great and vic- 
tory is so far away, that we have, all of us, a great 
work to do this day. 
tasks 
coming meetings, and the manner in which they are 


And from the measure of the 
which the chemical societies have set for their 


pulling together toward the distant goal, it would seem 
that they had called the old Scotchman’s ghost and were 
listening to his message. 


Made in America 

There is a ring to “Made in America” that sounds 
pleasant in the ears of most of us—excepting import- 
ers. We like to read it and hear it, and are disposed 
to use the first person plural in reference to it, if it 
relates to that which succeeds. “We” have been leading 
the world in the iron and steel and copper and zinc and 
lead industries. “We” have been leading the world in 
electrochemical industries from the time that industrial 
Niagara Falls was founded. “We” have been leading 
in a number of industries of heavy chemicals, and if 
proof is needed that this leadership is not merely based 
on tonnage, but that this country can claim to have 
done its due share in technical improvements, the re- 
markable progress made in America in recent years in 
oil refining and cracking processes may be cited as just 
one example. But all these things are old stories, relat- 
ing to industries in which this country always has had 
a decided natural positional advantage. But now since 
the European war has started, we have become inde- 
pendent of the foreigner even in a remarkable number 
of our industrial needs which formerly called for aid 
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from abroad and with respect to which the natural ad- 
vantage of this country was not so clearly defined as 
to encourage home production on a large scale. 

At the risk of boasting let us consider some of the 
industries that have either been born or have greatly 
developed since the war began and the Euorpean sources 
of supply have been shut off. Without attempting to 
make a complete list or even a systematically classified 
list, and mentioning them only as they come to mind, 
there are barium compounds and potash, the latter in 
insufficient quantity, but growing. Among the most 
remarkable strides are those made in the manufacture 
of glassware, the permanent substitution of soda glass 
for the potash product in electric lamps, and the de- 
velopment of high-grade ware for laboratory and tech- 
nical uses that was heretofore generally considered 
hopeless in this country. 
laboratory porcelain ware. 


The same may be said of 
Instead of making “brands” 
of special steels according to “recipes,”—a condition 
that had not entirely gone out of vogue when the war 
broke out—the leading companies are beginning to re- 
gard the making of specified steels as a necessary and 
proper part of their business. More ferroalloys than 
ever are made in this country to meet urgent require- 
ments. The manner in which a great calcium carbide 
plant at Niagara Falls was switched over to produce 
ferrosilicon under stress of need was a shining example 
of efficiency and good sense. The fireworks man and 
the automobile wallah, as well as the lecturer on chem- 
istry, need worry no more about the imports of mag- 
nesium. They are making plenty of it at several places. 

This country has taken the lead in the production of 
radium and is likely to keep it. Crucibles were made 
of foreign clays because there was nothing that would 
serve the purpose to be had here with the old methods 
—until the United States Bureau of Standards found 
how to do it. Now, prime quality earthenware and 
stoneware is made here for nearly every purpose. The 
ruthless, wasteful and consequently wicked destruction 
of organic products by beehive coke ovens is diminish- 
ing by leaps and bounds, wherefore we should cease to 
sorrow rather than to boast. Munition works have be- 
come leading industries in many places, and this is the 
only legitimate business that we hope to see curtailed 
by the circumstances of peace. For a time the dail) 
press was insistent that these should all be turned into 
coal-tar color works immediately after the war, but we 
have not heard much of it lately. Possibly this was to 
be accomplished by the engagement of a chemist to 
come and say “presto,” and thus turn the trick. We 
know of no better method. 

Instruments of precision designed for scientific and 
technical work are coming upon the market from loca! 
makers, and they are good. The dyestuff industry is 
getting out of its muddle. Many of the larger dye and 
print works are making their own aniline, aniline salt, 
and aniline and sulphur colors. The old names lik« 
Schoellkopf, National Aniline, Heller and Merz, Hudson 
River, etc., are familiar, but consider the new ones 
Beckers, Swiss Color, Federal Dyestuff, Bull’s Ferry 
Neidich Process, Butterworth Judson—to mention onl) 








SEPTEMBER 15, 1916 METALLURGICAL AND CHEMICAL ENGINEERING 275 


a few of the new producers. We have not heard of a 
full list of alizarine or fast cotton colors developed as 
yet, although indigo is produced here synthetically on 
a small scale. Dulcinea and Hermione may not have 
been able to ma-ch all of their shades of ribbon since 
the war broke out, but we have seen flesh-colored hosiery 
that seemed almost too successful in its tint. The de- 
mand why “we” do not make our dyestuffs here has lost 
its imperative quality; “we” do make them. 

The list of synthetic products now made in America 
is growing daily. Among others are salol and the sali- 
cylates, sodium benzoate, benzaldehyde and photographic 
chemicals by the dozen. Pharmaceutical products are 
coming along; not all of them by any means, but a great 
many of the standard ones that were formerly im- 
ported and a very engaging list of new ones. 

The old chemical pot is boiling. 


Steel Tonnages “‘Made in America” 

In the case of nearly all of the wonderful improve- 
ments that have been made in the manufacture of stee! 
in the past thirty years, a precise statement of “who 
did it first’ would be likely to provoke a controversy 
The greatest single invention of them all, indeed, the 
pneumatic converter, furnished a subject of contro- 
versy for years. Bessemer’s name was attached to it, 
but without Mushet’s suggestion of the use of manga- 
nese it would not “work,” while William Kelly of Pitts- 
burgh, working in Kentucky, blew metal before Besse- 
mer, but gave up his investigations because he feared 
that to develop the pneumatic converter would spoil the 
fairly lucrative business he already had. 

When one thinks of “Made in America” in connection 
with iron and steel he is, however, on perfectly safe 
ground if he refers to tonnage. Whoever first sug 
gested or practiced a certain improvement it is in the 
United States that the tonnages are made. In the pro- 
duction of pig iron here is a brief chart of the race. 
For many years the United States had made consider- 
ably more pig iron than Germany, but in 1875 Ger- 
many’s metric tons slightly exceeded the gross tons of 
the United States. Then we have the following: 


United States, (germany, 
(ross Tons Metric Tons 


Great Britain 
Gross Tons 
2,023,733 2,029,389 6,365,462 

aU) United States passes Great Britain 

AL 9,202,703 4,658,451 7,904,214 

l United States Germany + Great Britain 

l 15,878,354 T.SS80,088 7,928,647 

Germany passes Great Britain 


18,009,252 10,107,901 8,935,063 
$0,966,152 1.6 Germany 3 xX Great 
Britain 


To continue the comparison for the period since the 
war started would not be illuminating as an index to 
he developments, but it may be noted that in 1915 the 
nited States made as much pig iron as the rest of the 
vorld, and this year it will readily maintain the pro- 
portion. 

While the United States has produced the large ag- 
vregate tonnages, it has also produced the large ton- 
ges at individual works. It was in the American 
works that it was first decreed that the blast furnace 
should be the servant of the Bessemer converter, that 
if less silicon would shorten the blow the blast furnace 


- 


must make the lower silicon, and thus wonderful records 
were made by American Bessemer converters. If mills 
could roll more steel by being made heavier they were 
made heavier and were given more power. 

The development of the Lake Superior ore region is 
one of many illustrations of how American engineers 
established new tonnage concepts. When the Panama 
Canal was being dug the Canal Record published state- 
ments of steam shovel performance of which the engi- 
neers were proud, but for years the Lake Superior 
region had been doing better with its shovels. Under- 
ground mines on the Mesabi range were largely abol- 
ished, it being shown that in some instances it would 
pay to remove 2 ft. of overburden to uncover 1 ft. 
of ore. The ore-carrying capacity of lake vessels has 
been doubled almost from decade to decade, until now 
there is a record of 13,800 gross tons of ore for a cargo, 
loaded and unloaded in a very few hours. When the 
ore had to be carried a thousand miles, by rail, water 
and rail to furnace, it was necessary that everything 
should be done at the lowest cost per ton. 

The American steel industry has given the world 
some wonderful products. There is the all-steel freight 
car, and later the all-steel passenger, the latter adopted 
partly because if accidents cannot be avoided it is well 
to make them as comfortable as possible. The latest 
steel coal cars are designed for 120 net tons carrying 
capacity, the work of a dozen cars abroad. Scores of 
skeleton steel buildings have been erected in the United 
States with more than 10,000 tons of structural steel in 
the framework. The American steel industry furnishes 
steel for an annual output of 1,400,000 automobiles, 
vastly more than the output of all the rest of the world, 
and for this automobile industry it furnishes not only 
steel of high physical quality, but steel of high surface 
finish, for the automobile industry is the father of many 
common descriptions of steel to-day. 

In the new industrial future of the United States the 
steel industry is likely to progress even more rapidly 
than in the past, but on somewhat different lines. It 
will take more interest in the refinements of fuel and 
other economies and in the manufacture of more by- 
products. In these directions it will be true to its 
traditions of doing everything on a large scale. The 
ideas may come from abroad, with or without a “thank 
you!” but they will be carried out with courage on the 
broadest lines. 


The Bureau of Mines and American Radium Pro- 
duction 
Instances of successful and profitable cooperation be- 
tween the federal government and private enterprise, 
for the promotion of scientific and industrial research, 
are not so numerous as to be called readily to mind. In 
fact the principle has been questioned so frequently, 
both by individual and organized bodies of professional 
consultants, that a fairly well defined sentiment exists 
against the idea. The general proposition is open to 
debate, of course, and exceptions may be recognized, 
particularly when such exceptions have become demon- 
strated facts. 
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The work of the Bureau of Mines and the National 
Radium Institute offers a peculiarly happy instance of 
successful cooperation of the type mentioned; and as 
the term of that cooperation is drawing to a close we 
may review the whole experience and observe its effect 
on American radium production. 

The terms of the agreement, in brief, were these: The 
National Radium Institute was organized by Dr. James 
Douglas, Dr. Howard A. Kelly and others, for the pur- 
The un- 
A supply of ore 
was provided through an agreement with officers of the 
Crucible Steel Company, who owned carnotite-bearing 


pose of securing radium for therapeutic use. 
derlying motive was philanthropic. 


land in southwest Colorado, and who leased this land 
to the Institute on a 15 per cent royalty basis, with an 
agreement to purchase the uranium and vanadium by- 
products. Then, in order to secure technical ability to 
operate the treatment plant, the Institute offered to 
furnish the Bureau with financial assistance to build 
and operate a mill for the treatment of 1000 tons of 
carnotite ore. The Bureau was to provide the services 
of certain of its staff for the technical control of the 
work. In addition to the opportunity thus afforded the 
Bureau to make a technological study of radium pro- 
duction, it was to receive any radium in excess of seven 
grams of anhydrous radium bromide produced from the 
1000 tons of ore to be treated. 

The results of three years’ work now drawing to a 
close under this agreement may be recapitulated as fol- 
lows: Approximately 1500 tons of ore and concentrate 
will have been treated when work ceases about the end 
of this calendar year. The National Radium Institute 
already has received its anticipated quantity of radium 
at a cost far below that indicated by the accepted mar- 
ket price. The Bureau of Mines also has obtained a part 
of its share and will ultimately receive a substantial 
quantity of the rare element for research purposes. Pub- 
lic benefits have accrued: An economical method of 
treatment has been developed for both ore and concen- 
trate, and new radioactive methods of plant control 
have been devised. Some of these have been made pub- 
lie and all will be disclosed when the work is completed. 
The uranium-radium ratio has been proved to be in 
normal equilibrium in carnotite just as in pitchblende— 
an important fact for American producers. Valuable 
by-products of rare elements other than uranium and 
vanadium have been obtained for future study. Finally, 
as a sequel to the successful work with carnotite, an 
opportunity was recently offered to make a study of 
the concentration and treatment of low-grade pitch- 
blende, which will add to our knowledge of radium pro- 
duction in this country. In this latter work the Colo- 
rado School of Mines was able to play a cooperative part 
through the use of its experimental mill. 

Of course the personal element must not be overlooked 
in discovering reasons for the success of this venture. 
With men of less noble motives and narrower experi- 
ence in the conduct of metallurgical enterprises, there 
would have been the chance of endless conflict and ulti- 
mate disaster. The times also were propitious with re- 
gard to public sentiment toward radium; while the un- 
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expected cessation of production abroad undoubtedly 
stimulated an interest in American production of radium 
from domestic ores. In spite of original opposition 
which engendered more or less bitter feeling, we seem 
to have here an example of successful co-operation that 
justifies the contentions of its supporters. Whether it 
can be duplicated depends on so many conditions that it 
can not be taken as criterion. 


The Future of Steel Consumption 

The marvelous increase in the production and con- 
sumption of steel has always been the subject of won- 
dering comment, where will it end? The rule of pig 
iron production doubling every decade having been so 
often referred to, while doubt has been expressed in re- 
cent years whether the rule is still in force, a precise 
statistical comparison may prove of interest. The pro- 
duction in the ten years ended last year having been 
257,714,701 gross tons, a tonnage of 256,000,000 tons 
may be taken for the decade, as that figure is susceptible 
of convenient bisection. We therefore show 256,000,000 
with its successive bisections in the first column in the 
following table, and the actual production in the second 
column, the statistics for the earlier years not being 
precise, although amply accurate for the purpose. 


Pig Iron Production, Gross Tons 


Ten years ended By rule Actual 
1915 . 256,000,000 257,714,701 
1905 128,000,000 148,658,012 
1895 64,000,000 76,061,628 
1885 32,000,000 2,319.29 
1875 ; 16,000,000 18,559,866 
1865 8,000,000 7,951,047 
1855 4,000,000 6,400,000 
1845 2,000,000 3,000,000 
1835 aa , : ; 1,000,000 1,600,000 

When the figures are considered according to this 


scheme the rule of doubling is seen to have been fol- 
lowed with remarkable fidelity. The confusing fact that 
contiguous decades do not show the progress well, is 
eliminated quite largely by making the comparisons be- 
The comparison of the 
decade just ended with the preceding one or two decades 
would suggest that the rule has lately been losing its 
force, but if we go back four decades or six decades we 
find an almost absolute harmony. 


tween the alternating decades. 


In dealing with in- 
animate objects physical and chemical experiments fre- 
quently show a much larger discrepancy, and yet are 
considered valid than is shown by this investigation of 
what man, in his varying circumstances and moved by 
various emotions, has done. 

The most common explanation of the rapid increase in 
iron consumption is that of “new uses.”’ In its barest 
form that is, of course, no explanation at all. Why the 
“new uses”? To furnish a _ real explanation there 
would have to be discoveries, and those discoverie: 
would have had to come by chance, and not through th: 
compelling force of circumstances, which is the usua’ 
one with discovery and invention. If circumstance 
brought forth the new uses, then what were the cir 
cumstances? We have had new uses which did no 
“pan out.” 

The one great influence in the increase in the us 
of iron is, after all, a very simple one, readily under 
stood. It is no more nor less than the continued anc 











rapid increase in the ability of the people to buy, by 
reason of their increase in numbers and their greater 
wealth. That, really, has made the skyscraper as well 
as the automobile. It has made the large consumption 
of steel in freight cars and locomotives as well as in 
metal furniture and farm implements. It is the one 
principle that explains the rapid increase in the use of 
iron and the one index that one can consider and weigh 
as to its force in causing a further continued increase 


in future in the consumption of iron in its various 


forms. 


Labor Conditions After the War 

What will happen to all the new chemical works and 
It is hard to tell what 
Fighting embitters 


their business after the war? 
European labor conditions will be. 
men and many who are heroic in a dash against an en- 
emy and will watch and wait through long days and 
nights for a chance to shoot, may, and again may not, 
be able to work steadily when the raging and the tumult 
is over. Generally speaking, however, aside from the 
injury to the mind caused by shock and passion and 
anger (as brought out by Dr. Crile), military training 
is good training and fits men for team work. 

In this country labor conditions are net improving. 
There has been bluff, chicanery and the very limit of 
stupidity practiced by many employers and by many 
organizations of labor. We have said before and we 
say it again that the obligation of an employer does not 
cease when his pay clerk passes out the pay envelopes. 
General welfare of the men and their families; hous- 
ing, sanitation, schools and good living conditions must 
be looked after. One of the severest indictments against 
an employer that has come under our observation was a 
crippled father, a mother approaching her end from 
medical neglect, and a large family of children, ail il- 
literate and under-nourished, returning from the works 
of a pompous, self-satisfied captain of industry to their 
native home in northern Italy. There isn’t any excuse 
for this sort of a crime, and it has been practised by 
sheer omission all too often. 

On the other hand, we find an apparently increasing 
number of labor leaders and agitators who know no gos- 
pel save that of hate and destruction; and they have 
learned the art of leadership. A passion for organiza- 
tion has arisen among the ranks of labor, and once or- 
ganized, its leading purpose seems to be to strike and 
to destroy. A fashion of thought which is growing 
among them is to take all grievances out of the public. 
If an employer will not grant this, that or ’tother, but 
more especially if he will not give over the functioning 
of his authority and judgment in the administration of 
work which he is paid to supervise, then “pound the 
public” is the slogan, until he gives in. 

A few successful threats have started a season of 
bluffing extraordinary, and of a kind that has not been 
lared heretofore. Four railway unions want an eight- 
hour day, and so their representatives tell the Congress 
‘f the United States that unless they get it they will 
set about to starve the people. And they proudly show 
their entire conspiracy whereby they have actually 


SEPTEMBER 15, 1916 METALLURGICAL AND CHEMICAL ENGINEERING 








277 


planned to inflict the ravages of hunger and disease 
upon the people of nearly the entire country unless their 
demand be granted. Then, instead of arresting the con- 
spirators for planning such an heinous offense, as would 
have been done a dozen years ago, Congress obeys, and 
lets the men with the whip write the law! This is rank 
anarchy. Collective bargaining is just and right and 
proper, but collective blackmail and collective crime is 
no more to be endured than a single blackmailer or a 
single criminal. It is high time that we got this idea 
into our heads or the lash of the collective whip as a 
means of blackmail to gain power and advantage for 
self-organized groups of without reference to 
merit or justice, will destroy far more than property; it 
will destroy the liberties of all of us, rich and poor alike. 

Now this is neither reasonable nor intelligent on the 


men, 


part of labor, nor is it a course to be expected, except as 
a result of a prevalent fashion or style of thought— 
and these are very contagious—or because men have 
been in charge of the affairs of corporations who may 
have had abundant executive ability but were lacking in 
character or were too timid to do right. But so long 
as labor goes by its abstract name and laborers are re- 
garded as hands rather than as men, we cannot expect 
intelligence to abide in their organizations. The feeble- 
minded and incompetent are there because no other 
place has been found for them. There must be jobs 
for those who are below standard; jobs that pay a liv- 
ing wage and do not provide for the advancement avail- 
able to entire men. Nobody wants feeble-minded work- 
ers in his establishment, but everybody that employs 
men in large numbers has them. He can’t get rid of 
them; their fathers and brothers.and sons wil! not let 
them go and the result is, now they are in the works, 
cutting down the pace and following the lead of every 
vicious notion that is presented to them, from breaking 
agreements to cracking skulls. Some place must be 
found for them and there is no change of turning them 
to profit; they are bound to be an expense in one way 
or another. 

With the culls eliminated, a working staff can be or- 
ganized that will beat the world, provided always there 
is the right measure and quality of brain tissue at the 
head. Some few concerns seem to be approaching this 
condition despite heavy labor costs and the reek of dis- 
order in the air. 

It behooves chemical industry to make its works at- 
tractive to those who earn their living there. Nothing 
helps more than an enthusiastic, loyal, well-paid work- 
ing staff that believes in the company and is glad to 
work for it. We have seen a large part of the match in- 
dustry in this country changed from an abode of mis- 
ery, disease and desolation into a splendid, wholesome 
corps of good citizens who work in it. We find im- 
provements developing among the workers in the iron 
and steel industries—in spots—that put old conditions 
to shame. And one of the first obligations of chemical 
industry, for its own benefit, is so to organize its work 
that its factory portals shall bid welcome to good men 
and true, to undertake their responsible tasks in con- 
science and in loyalty. 





METALLURGICAL 


Readers’ Views 


Flotation Bubbles 


To the Editor of Metallurgical & Chemical Engineering 

SIR:—In view of the great interest now taken in the 
flotation process, the photographs of flotation bubbles 
and bubble aggregates or froths, herewith reproduced, 
should be of interest. 

Photographs 1 and 2 show the bubbles in the act of 
lifting the particles of minerals to the surface. They 
are cross-section views under water and were taken in 
a glass cell, using a B. & L. microscope and camera. 
Fig. 1 shows bubbles of a pine oil froth to which are 
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adhering particles of cassiterite, Fig. 2 pine oil No. 6 
froth, the bubbles lifting small particles of galena. The 
magnification in both cases is 40 diameters. 
Photographs 3 to 8 show the froth in a small experi- 
mental machine; they were taken from above the ma- 
chine. All factors affecting the froth were kept con- 
stant. The impeller was stopped just before taking the 
picture. This allowed the small bubbles of some froths 
to coalesce as shown in Fig. 3 to the formation of large 
bubbles and as shown in Fig. 5 to the formation of a 
small bubble scum. The ore used was a dolomitic lead 
ore. Fig. 3 shows cresylic acid froth, Fig. 4 coal tar 
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FIGS. 1 TO 8—FLOTATION BUBBLES 

















creosote froth, Fig. 5 pine oil No. 6 froth, Fig. 6, wood 
creosote froth (correct amount of oil), Fig. 7 wood 
creosote froth (with an excess of oil), and Fig. 8 shows 
wood creosote froth, the same as Fig. 7, after adding 
oil from water gas tar. The froth has become a scum. 
CHAS. Y. CLAYTON. 


School of Mines and Metallurgy, 


University of Missouri. Rolla, Mo 


Sources of Metal Loss in Copper Refining 


To the Editor of Metallurgical & Chemical Engineering 

Sir:—In Mr. Lawrence Addick’s paper on “Sources of 
Metal Loss in Copper Refining,” in METALLURGICAL AND 
CHEMICAL ENGINEERING for July 1 the question of 
moisture in copper bullion is touched upon. The article 
in question implies that in the Australian copper on 
which these tests were first made the moisture came 
from contact with bilge water during shipment. There 
is every reason to believe that this moisture was bosh 
water, consequently refiners of copper have reason to 
look in copper shipped by rail for moisture, just as much 
as in that shipped by vessel. 

DONALD M. LIDDELL. 
New York City. 





Pacific Coast Waterpowers and Electrochemical 
Possibilities 
To the Editor of Metallurgical & Chemical Engineering 

Sirk:—In your issue of Aug. 1, 1916, page 115, ap- 
peared a report of a meeting on the Niagara Falls Power 
Famine. In this meeting Mr. F. A. Lidbury, manager 
of the Oldbury Electrochemical Co. and a Past Presi- 
dent of the American Electrochemical Society, stated 
that electrochemical industries cannot establish on this 
Pacific coast because of the excessive transportation 
charges to the territory now supplied by Niagara. Con- 
versely, from this it would appear that if there is a 
market tributary to this coast Niagara would be out of 
the running for this business as compared to a plant 
operating on the coast. 

As a matter of fact the market for electrochemical 
products is world-wide, and the establishing of such a 
large and varied industry requires the condition of ac- 
cessibility to the markets of the world, viz., cheap trans- 
portation, which condition is satisfied by a location in 4 
good harbor on tide water. There are such locations on 
the Pacific coast. 

The average annual imports of Chilian nitrates into 
San Francisco exceeds 30,000 tons. To manufacture 
30,000 tons of lime nitrate containing about the same 
amount of nitrogen, would require approximately 
40,000 hp. 

That California in the year 1912 had orders in Nor- 
way for lime nitrate in excess of the entire output of 
one of the large plants is a statement published in the 
Hearings Before the House Committee on the water- 
power bill. 

Carbide.—There are probably more than 5000 tons of 
carbide used on this coast yearly. The establishing of 
new oxygen plants both in the States of Washington and 
California indicates an increasing use of carbide. In 
1913 Chile imported from Germany over three and a 
half million kilos and Australia imported 14,155 tons, 
85 per cent of which came from Norway and Sweden. 

Ferro-alloys.—California is now shipping to the East 
chrome and manganese ore, and it is only a matter of 
reasoning that the ferro alloys could better stand high 
freight rates than the crude ore. 

Cyanide.—The Pacific Coast is a more central dis- 
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tributing point for potassium or sodium cyanide than is 
Niagara. 

Caustic.—At Pittsburg on San Francisco Bay there is 
now in operation a caustic and bleach plant established 
by people thoroughly conversant with and interested in 
similar plants in the East. 

To the question: “Why do not electrochemical in- 
dustries establish on this coast?” I would answer: 
“They are establishing.” 

E. P. KENNEDY, 
President Speel River Project 


San Francisco, Cal 


The Determination of Chromium in Ferrochromium 


To the Editor of Metallurgical & Chemical Engineering 

Sir:—The following simple method for the determi- 
nation of chromium in ferrochromium has proven, after 
a year’s usage, both rapid and accurate. 

The procedure consists in fusing the alloy with 
sodium peroxide, forming Na,CrO,, dissolving the melt, 
and, after boiling to destroy the excess of peroxide, 
which has a strong tendency to reduce chromium in acid 
solution, acidifying with sulfuric acid and titrating the 
resulting dichromate solution by the usual method with 
tenth normal ferrous sulfate solution. The following 
outline is worked out for ferrochrome which contains 
about 70 per cent chromium: For alloys of different 
composition one may modify the amount of sample taken 
or the size aliquot titrated within reasonable limits. 

Weigh accurately one gram cf finely pulverized alloy 
(50 mesh) and mix thoroughly with 25 to 35 grams 
sodium peroxide. This may be accomplished by stirring 
the mixture with a stiff platinum wire in either a nickel 
or an iron crucible of about 40 c.c. capacity in which the 
fusion is to be made. A layer of sodium peroxide is 
placed on top of the mixture and the crucible gradually 
heated over a Bunsen burner to a dull cherry red until 
the contents is entirely fused. The heat is now lowered, 
keeping the mixture molten at a very dull red, nearly 
black heat for fifteen minutes. Gradually raise the heat 
once more to a dull cherry red and then allow the 
crucible to cool. 

Place the crucible and contents in a one-liter beaker 
with 250 c.c. of water. Cover and allow the reaction 
to proceed. When finished, remove the crucible and 
cover carefully, washing with hot water. Boil the con- 
tents of the beaker vigorously for about twenty minutes 
to destroy the excess of peroxide. Acidify with a con- 
siderable excess of \% sulfuric acid and concentrate, if 
necessary, to a volume of about 300 c.c. Cool and trans- 
fer to a 500 c.c. volumetric flask and fill to the mark 
with water. 

An aliquot of 50 c.c. is now titrated in the usual way 
against freshly standardized N/10 ferrous sudfate solu- 
tion. This way be conveniently carried out by filling a 
100-c.c. burette with the dichromate solution and titrat- 
ing back and forth until a satisfactory end point is 
reached. The nitration may also be carried out by add- 
ing an excess of standard N/10 ferrous sulfate solution 
to a 50-c.c. portion of the solution prepared for analysis 
and titrating back to a blue end point with N/10 po- 
tassium permanganate solution. This end point may 
be properly identified by treating 50 c.c. N/10 K.Cr.0, 
(standardized by pure iron) plus sulfuric acid in the 
way described. 

For the sharpest end point the solution must be 
perfectly cold. 

One c.c. N/10 ferrous sulfate is equivalent to 0.001743 
gm. chromium. 


A. F. MACFARLAND. 


John A. Crowley Company, 
Detroit, Mich. 











The Iron and Steel Market 


While September has not brought more active condi- 
tions in the steel market than obtained in August it 
has brought an accretion of confidence that the time 
when the pressure on the mills for deliveries is a long 
way off. The scarcity of material for this year’s de- 
livery has been accentuated, partly by reason of addi- 
tional buying and partly by reason of the hot weather 
being prolonged and causing the curtailed rate of pro- 
duction to obtain for a longer period than normal. 

Steei prices have shown a further hardening ten- 
dency. Bars, plates and shapes are better established 
at the advances of a month ago. Iron and steel pipe 
has been advanced one point, or about $2 a ton, on butt 
weld sizes and two points on lap weld sizes, black, no 
change being made in galvanized. The new cards are 
dated Sept. 7. An advance in sheets is predicted for 
the near future, based on the expectation that the 
fourth quarter price on sheet-bar contracts will be $3 
to $5 a ton higher than that obtaining for the third 
quarter. 

Production of pig iron was a shade smaller in August 
than in July. The production in the first half of the 
year was 19,619,522 gross tons, but during July and 
August the furnaces fell 190,000 tons short of main- 
taining that rate, and the curtailed rate bids fair to 
continue through September. While October, usually a 
very favorable month for furnace operation, will doubt- 
less show a heavy output, the prospect is that the offi- 
cial statistics will show smaller production of pig iron 
in the second half of the year than in the first half, 
although the second “half” of the year contains two 
days more. 

There is no doubt that there was a considerable re- 
duction in pig iron stocks during the first half of the 
year, while it is also a fact that new open-hearth fur- 
naces have been completed month by month, whereby 
consumptive requirements certainly increase while it 
is impossible to make more pig iron. The general in- 
fluence has not worked out thus far, perhaps, because 
the hot weather has curtailed the output of steel works 
very considerably since July 1. It is very easy to con- 
ceive an acute pig-iron scarcity developing within the 
next few months. That would quickly be reflected in 
the market. From the low point of December, 1914, 
basic pig iron at valley furnaces have advanced from 
$12.25 to $18, or $5.75, while billets have advanced 
from less than $19 to more than $45, or in excess of $26 
a ton. If higher prices should be demanded for pig 
iron the steel works would have no difficulty in finding 
the money with which to pay. 

Exports of iron and steel commodities that are re- 
ported by weight amounted to 496,000 gross tons in 
July, against 526,772 tons in June and 540,549 tons in 
May, the record month. Exports in the seven months 
totaled 3,112,000 tons, representing a rate of 444,000 
tons a month, or 5,300,000 tons a year. In the same 
period British exports average 312,000 tons a month, 
and these exports were made up largely of material for 
the United Kingdom’s allies. Until lately British ex- 
ports were always greatly in excess of those of the 
United States. 

Iron Ore 


By a decision announced Sept. 5 by the Interstate 
Commerce Commission freight rates from Lake Erie 
docks to most Central Western points are revised, and 
on an average there is a reduction. New tariffs are to 
be filed by Dec. 1, and the new rates are to go into effect 
April 1, 1917. The rate to the Pittsburgh district is 


reduced from 88 cents to 82 cents. Monessen is taken 
out of the Pittsburgh district and given a rate of 96 
cents, while on the other side Neville Island is taken 
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out and given the 70-cent rate which is retained for 
Aliquippa. Johnstown, formerly with a rate of $1.02, 
is classed with Monessen. Wheeling is kept with Pitts- 
burgh. The Pittsburgh rate was formerly 96 cents, but 
had been reduced to 88 cents when the commission ruled 
that the rate to Pittsburgh should not be higher than 
that to Wheeling, then 60 cents. Apart from the pecu- 
niary importance of the decision the outstanding fea- 
ture is the close application of the yardstick to the map. 
Only a few years ago the railroads were still insisting 
that the complicated rate structure would not permit of 
ton-mileage consideration of rates. The new rates as 
just stated are not the rates that will be published, as 
the carriers are required to segregate 6 cents for dock 
charges, from the rail of the vessel to the car, pub- 
lishing this 6 cents as a separate rate. Apart from this 
6 cents there is 10 cents that is regularly charged the 
vessel, making 16 cents for unloading direct ore. The 
commission ruled several years ago that its jurisdiction 
over iron ore, as interstate commerce, began at the rail 
of the vessel at lower lake dock. 

Wild chartering has lately been done at $1 a ton 
clear to the lake vessel, against the regular rate of 50 
cents established before the season opened, and it is 
understood there has been some chartering for next 
year at $1. The latest predictions are that Lake Supe- 
rior ore may be advanced $1.25, instead of $1, for the 
new season, which would apparently give the shipper a 
net advance of 75 cents, allowing for the increased lake 
rate. 

Iron ore shipments down the lakes in August 
amounted to 9,850,140 tons, or a gain of 100,000 tons 
over the July shipments. The season total is now 
39,215,864 tons, indicating that about 62,000,000 tons 
can be moved down the lakes this season, with the usual 
movement of about 1,000,000 tons by all-rail to the old 
furnaces, plus about half a million tons consumption 
by the two Steel Corporation furnaces at Duluth, put 
in blast for the first time about the beginning of this 
year, making 63,500,000 tons in all. The record sea- 
son’s movement thus far was in 1913, just a shade 
under 50,000,000 tons. 


Pig Iron Strong 


The movement in pig iron has continued, but is more 
marked in foundry than in steel-making grades. All 
markets are firm, and some show an advancing ten- 
dency. Southern iron is up 50 cents, to $14.50, Bir- 
mingham, regaining half the loss it experienced earlier 
in the year, and the same is to be said of Chicago, which 
necessarily moves closely in harmony with Southern 
iron. Foundry iron at valley furnaces is up 25 cents, to 
$18.50. The furnaces may soon conclude they have sold 
enough of their output at prevailing prices. If a definite 
scarcity of pig iron should develop, as is far from im- 
possible, the market would advance by dollars a ton 
rather than by fractions. 


Unfinished Steel Very Scarce 


Offerings of soft steel billets and sheet bars for this 
year’s delivery are only occasional, and of small ton 
nages, the scarcity being as pronounced as at any time. 
The market is purely a nominal one, at say $45 to $50 
One interest, perhaps more, is selling for first half ship- 
ment at $46 and upward. There are few consumer: 
that could afford to pay $45 or $50 for steel, with fin 
ished steel prices at their present levels, but a finishing 
mill in position to profit by the premiums offered for 
early deliveries of some finished products could afforc 
to do so. 

The report seems to be correct that within the pas' 
fortnight two steel works have sold about 100,000 tons 
of billet discards for export, this following similar larg: 
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sales of more than a month ago, and it appears that the 
unwieldly accumulations of billet discards, arising in 
the manufacture of shell steel, are now quite well 
worked off. Some of the steel has been bought by con- 
sumers who desired the particular grade, but most of 
it has been taken by buyers who would much prefer to 
have ordinary soft steel. 


Non-Ferrous Metal Market 


Sept. 11.—Copper is strong and scarce on early ship- 
ments. Tin is unsettled, but prices remain fairly steady. 
Lead has improved and is in fairly good demand and 
spelter has also had a slight advance. 

Copper.—The copper market is in a strong position 
and deliveries for the balance of 1916 are held at a 
higher figure. Scarcely any offers of prompt or Sep- 
tember electrolytic are made by the producers, and 28 
to 28'4c. is asked for the small amounts offered. Do- 
mestic buying is good for futures, October electrolytic 
being quoted at 27.75, with November and December de- 
liveries at 27.25. Export business is dull at the present 
time, but inquiries for copper are being made by Russia. 

Tin.—The tin market is in a very unsettled condi- 
tion, due chiefly to the difficulty and delay in getting 
permits for shipments to this country. During the last 
two weeks there has been alternate activity and dullness 
and at present the market is dull and easy, with Sep- 
tember and October Straits held at 38.40c. November 
arrivals at 38.35c., and December at 38c. Banca tin 
is about lc. under these prices. Deliveries into con- 
sumption in August amounted to 4335 tons, somewhat 
less than the average so far this year. 

Lead.—This market is at present in a pretty strong 
position. The trust price is still held at 6.50c. New 
York, with independents asking 6.60 and higher for 
spot deliveries. Sales to Japanese buyers were reported 
on Sept. 8, and these had the effect of stimulating the 
market somewhat. Futures are quoted at prices but 
very little under the spot price. 

Spelter.—Buying was on a good scale last week fol- 
lowing a previous dull period, and the market closed 
higher at the end of the week. Prompt and September 
spelter is quoted at 854 to 8%<c., with fourth quarter 
at 8°xc. There is difficulty in securing freight room 
for export shipments and the market abroad has ad- 
vanced. Exports in August were large and amounted 
to 11,352 tons. 

Other Metals.—Antimony is dull, with Chinese and 
Japanese held at 12c. No import business is reported 
on this metal. Aluwminum continues steady at 6lc, mag- 

esium is quoted at $3.50 to $3.75 per pound, platinum 
t $60 per ounce, quicksilver at $76 per flask. Silver 
higher at 68%c. 


Coming Meetings and Events 

American Institute of Mining Engineers, Arizona, 
Sept. 18-23. 

Association of Iron and Steel Electrical Engineers, 
(hicago, Sept. 18-22. 

American Peat Society, Washington, D. C., Sept. 

-23. 

Mining and Metallurgical Society of America, New 
\ork Section, New York, Sept. 21. 

Second National Exposition of Chemical Industries, 
New York, Sept. 25-30. 

American Chemical Society, New York, Sept. 25-30. 

American Electrochemical Society, New York, Sept. 
28-30. 

rechnical Section, American Paper and Pulp Associa- 
ton, New York, Sept. 25-30. 









American Gas Institute, Chicago, Oct. 17-20. 


American Society of Mechanical Engineers, New 
York, Dec. 5-8. 
American Institute of Chemical Engineers, New 


York, Jan. 10-13, 1917. 


The New President of the Colorado School 


of Mines 

Mr. Howard C. Parmelee, for the past six years West- 
ern editor of this journal, has been elected president 
of the Colorado School of Mines. In extending to him 
our congratulations, in which we are sure his many 
friends in all parts of the country will join us, we feel 
we are not overstating the case if we say that the 
famous Colorado School is equally to be congratulated 
on the selection of its new president. 

Mr. Parmelee was educated at the University of 
Nebraska, where he received the degree of B.S. in 1897 
and A.M. in 1899. He entered the employ of the Union 
Pacific Railroad as assistant chemist in their Industrial 
Laboratory in 1900. From 1901 to 1903 he was chemist 

















HOWARD C. PARMELEE, PRESIDENT, COLORADO SCHOOL OF 


MINES, GOLDEN, COLO. 


at the Globe plant at the American Smelting & Refining 
Company. From 1903 to 1906 he was consulting chemist 
at Denver, Col. He entered editorial work in 1905 as 
editor of the Mining Reporter and continued in this 
position until 1907. From 1908 to 1910 he was editor 
of the Western Chemist and Metallurgist. In 1910 he 
became Western editor of METALLURGICAL AND CHEMI- 
CAL ENGINEERING. 

His editorial work gave him wide acquaintance among 
metallurgical and chemical engineers throughout the 
country and provided him with an insight into the edu- 
cational demands of those industries. This was further 
aided by his great activity in the work of technical 
societies. Mr. Parmelee was one of the organizers of 
the Western Association of Technical Chemists and 
Metallurgists and general secretary of the organization 
for five years. He is also one of the organizers of the 
Teknik Club of Denver and its secretary since its or- 
ganization, about six years ago. He is a member of the 
American Institute of Mining Engineers, a manager of 
the American Electrochemical Society, and the president 
of the Colorado Scientific Society for the year 1916. 
He has been elected to several honorary scientific so- 
cieties, Sigma Xi, scientific fraternity, at the University 
of Nebraska; Tau Beta Pi, engineering fraternity, at 
the Colorado School of Mines; Alpha Chi Sigma, chem- 
ical fraternity, at the University of Colorado. 
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While we sincerely regret the loss of Mr. Parmelee 
as active Western editor of this journal, we are glad 
to state that he has consented to stay with this journal 
in an advisory and consulting capacity to introduce his 
successor as Western editor, Dr. S. Fischer, Jr., into 
the work and insure continuity of editorial effort. 

These have been six happy years of friendly editorial 
co-operation. We cannot express our wishes for Mr. 
Parmelee’s future career better than in the hope that 
he will meet the big task before him as president of the 
Colorado School of Mines with the same resolute cour- 
age, the same genial resourcefulness, and the same de- 
cided success which have characterized his work in the 
past. 


Program of New York Meeting of American 
Chemical Society 


The general program of the fifty-third meeting of the 
American Chemical Society, which will be held in New 
York City, Sept. 25 to 30, during the week of the Expo- 
sition of Chemical Industries, is as follows: 


Monday, Sept. 25 
Official opening of Exposition, addresses 
by Dr. Chas. H. Herty, Dr. Francis A. J. 
Fitzgerald and Dr. Arthur B. Daniels. 
Council meeting, Chemists’ Club. 
Council dinner, Chemists’ Club. 
-Council meeting, Chemists’ Club. 


2.00 p.m. 


4.00 p. m. 
7.30 p. m. 
9.00 p. m. 


Tuesday, Sept. 26 

10.00 a. m.—General meeting of the society at Horace 
Mann Auditorium, Columbia University, 
117th Street and Broadway. Addresses 
of welcome by Mayor Mitchell of the 
city of New York, President Butler of 
Columbia University. Response by 
President Herty, followed by general 
papers. 

Public meeting, Horace Mann Auditorium, 
Columbia University. Addresses by 
speakers of national reputation (to be 
announced). Presidential address by 
Dr. Herty. 

Reception at Hotel Astor. Members Amer- 
ican Electrochemical Society invited. 


2.00 p. m. 


8.00 p.m. 


Wednesday, Sept. 27 
Morning.—Divisional meetines, Columbia University, 
Symposium on Colloids (theoretical). 
Two industrial conferences. One at the 

Chemists’ Club on American Dvestuff 
Manufacture and one at Grand Central 
Palace on Electric Steel. 
Thursday, Sept. 28 
Divisional meetings, Columbia University. 
Symposium on Colloids (applied). 
Afternoon.—Two industrial conferences. One at the 
Chemists’ Club on Industrial Alcohol, 
Acetone, and Formic Acid, and one at 
Grand Central Palace on Glassware and 
Porcelain. 
Evening.—Invitation Smoker of the American Elec- 
trochemical Society. 
Friday, Sept. 29 
Morning.—Divisional meetings, Columbia University, 
Symposium on Occupational Diseases in 
Chemical Trades. 
Afternoon.—Two industrial Conferences. 


Afternoon. 


Morning. 


One at the 


Chemists’ Club on Medicinal Chemicals, 
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and one at Grand Central Palace on 
Manufacture of Paper Pulp and By- 
products. 

8.00 p. m.—Subscription Banquet at Waldorf-Astoria, 
members and wives, $3.50. Guests at 
cost. The members of the American 
Electrochemical Society and the Tech- 
nical Section of the American Pulp & 
Paper Industry are invited, with price 
same as to members American Chemical 
Society. 


Saturday, Sept. 30 


-Meetings of divisions. Industria! Confer 
ences at Chemists’ Club on Oils and 
Motor Fuels. Industrial Conferences 
at Grand Central Palace on Miscellane- 
ous Chemical Industries, and Converti- 
bility of Plant. 

11.00 p. m.—Exposition closes at Grand Central Palace. 


Morning. 


Program of New York Meeting of American 
Electrochemical Society 


The program of the fall meeting of the American 
Electrochemical Society which will be held from Sept. 
27 to 30, in New York, in conjunction with the Second 
National Exposition of Chemical Industries, includes 
many interesting technical and social features. The 
hotel headquarters will be at the Hotel Astor. 

On Thursday and Friday afternoons inspection of 
the exhibits at the Exposition will be the feature. On 
Thursday evening a complimentary smoker will be held 
at the Hotel Astor, to which the members of the Ameri- 
can Chemical Society and all other visiting chemists and 
engineers are invited. On Friday evening a subscrip- 
tion dinner will be held at the Waldorf Astoria under 
the auspices of the American Chemical Society, to which 
members of the American Electrochemical Society are 
invited. The charge will be $3.50 per plate for mem 
bers of either society and their ladies. For guests the 
charge will be cost. On Saturday an all-day excursion 
will be held up the Hudson by the American Electro 
chemical Society. Members of visiting societies are in 
vited up to the capacity of the boat. 

The detailed program is as follows: 


Wednesday, Sept. 27 


Electrochemical day at the Exposition, Grand Central 
Palace. 
8.00 p. m.—Individual theater parties. 


Thursday, Sept. 28 


9.30 a. m.—Reading and discussion of papers. 

O. P. Watts and P. L. DeVerter, The Protection of 
Iron by Electroplating. 

E. A. and L. T. Richardson, Atmospheric Corrosion 
of Commercial Sheet Iron. 

O. C. Ralston and C. E. Sims, The Electrolytic Recov 
ery of Lead from Brine Leaches. 

H. J. Morgan and O. C. Ralston, Electrolytic Zinc 
Dust. 

W. E. Koerner, Electrolytic Behavior of Tungsten. 

S. Fischer, Jr., Electrolysis of Vanadium Salts. 

L. D. Hammond, The Electrodeposition of Nickel. 

F. C. Mathers and E. G. Sturdevant, Current Eff- 
ciencies in Nickel Plating Baths with Rotating Cathodes. 

W. Blum, Deposition of Copper in Electrotyping 
Baths. 

12.30 p. m.—Luncheon at Hotel Astor. 
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2.00 to 6.00 p. m.—Visiting the Exposition. 
8.00 p. m.—Complimentary smoker at Hotel Astor. 
Friday, Sept. 29 

9.30.—Reading and discussion of papers. 

C. F. Burgess, Characteristics of Small Dry Cells. 

L. C. Turnock, Effect of Temperature on the Perform- 
ance of the Edison Storage Battery. 

Carl Hering, High-Temperature Heat Developed dur- 
ing Electrolysis. 

F. A. Fahrenwald, The Possibilities of Developing 
Superrefractory Materials for Incandescent Lighting. 

H. Schlundt, T. H. Leaming and Julius Underwood, 
Composition of the lonization Currents Due to Equal 
Quantities of Radium Emanation. 

M. J. Brown, A New Method for the Study of 
Silver-Peroxynitrate. 

W. C. Moore, The Vosmaer Phenomenon. 

Grinell Jones and M. L. Hartmann, The Equilibrium 
between Bromine and Postassium Bromide Solutions 
at 0 Deg. 

12.30 p. m.—Luncheon. 

8.00 p. m.—Subscription banquet at Waldorf Astoria 
under the auspices of the American Chemical Society. 
Saturday, Sept. 30 

All-day excursion up the Hudson River. Details will 
be given out at the registration booth, where also the 
tickets for the smoker and the excursion will be ob- 
tained. 

The arrangements for the meeting are in the hands 
of the New York Section of the American Electro 
chemical Society, of which Dr. Colin G. Fink is chair 
man and Mr. J. Malcolm Muir, 239 West Thirty-ninth 
Street, is secretary. Mr. John V. N. Dorr is chairman 
of the Finance Committee. 


Second National Exposition of Chemical 
Industries 


When the Second National Exposition of Chemical In- 
dustries opens on Monday, Sept. 25, the public will have 
an opportunity of seeing collected together under one 
roof a remarkable collection of apparatus, machinery 
und products representative of chemical and allied in- 
lustries. The educational value will be immense, as 
many processes will be demonstrated in actual opera- 
tion and moving pictures of various industries will be 
shown. This is not an exposition which only the tech- 
nically trained man can enjoy; on the contrary, every- 
one can find much of interest and value. 

One exhibitor will operate a miniature plant making 

ilphuric acid by the contact process. The American 
dyestuff industry will be well represented, with raw 
materials, intermediates, finished dyes and dyed prod- 
icts shown by most of the important companies. One 
exhibitor will show the process of making one class of 
(ves, and will operate a complete refrigerating plant for 
this purpose. One group of chemical companies will 
show every step in the dyestuff industrvy—coal, coal-tar 
crudes, intermediates, dyes, and the alkalis, acids and 
salts necessary in the various steps. 

Electrolytic cells for making caustic soda, chlorine 
and sodium hypochlorite form another interesting fea- 
ture. The products of these cells will be shown, and 
also some of the uses of chlorine in chlorine derivatives, 
such as carbon tetrachloride, chlorbenzol, etc. A nitric 
acid condenser will be in operation, the Cottrell electrical 
precipitation process of removing solids and liquids 
from gases will be demonstrated, and it will be shown 
ow it can be applied to the recovery of dust in cement 
Plants, 


lhe other features, including motion pictures, the 


Bureau of Mines exhibit, the paper and pulp section, the 
Southern opportunity section, etc., which have already 
been commented upon in these columns, will prove most 
interesting to everyone. There are over 50 per cent 
more exhibitors this year than last, and the attendance 
will undoubtedly be almost double. The programs of 
the meetings of the American Chemical Society and 
American Electrochemical Society, which will be held 
in conjunction with the exposition, will be found else- 
where in this issue. 


Status of New Tariff Law on Dyestuffs 


The dyestuff tariff has at last become a law. The 
Revenue Bill H. R. 16,763, containing the dyestuff 
schedule, passed the Senate and House after going to 
conference last week, and was signed by the President 
on Friday, Sept. 9. It is a good bill in many respects; 
in one respect it cannot be considered fair to the dye- 
stuff industry in this country, and it may be robbed 
of its effectiveness by one clause. 

The bill as finally adopted was a compromise measure. 
Coal-tar crudes are admitted free; intermediates are 
taxed 15 per cent ad valorem and 2'» cents per pound 
specific; finished dyes, excepting alizarine and alizarine 
dyes, anthracene and carbazol, natural and synthetic 
indigo and all indigoids, medicinals and flavors, are 
taxed 30 per cent ad valorem and 5 cents per pound 
specific duty. The exceptions noted are taxed only 30 
per cent ad valorem. 

The bill as it originally passed the House was not 
entirely agreeable to the Senate, and it was the subiect 
of considerable debate. 

A hearing was given by the Senate Finance Commit- 
tee during the last week in July to three members of a 
sub-committee of a larger committee originally ap- 
pointed at a joint conference held in New York in 
March, (at which were present representatives of prac- 
tically every industry affected by the dyestuff situation, 
including manufacturers of coal-tar products and all 
classes of consumers). This sub-committee made the 
following recommendation to the Senate committee: 

“It is urgently recommended that lines 23 and 24 at 
the bottom of page 89, and lines 1 and 2 at the top of 
page 90 (Title V, Sec. 401), reading as follows: ‘(ex- 
cept natural and synthetic alizarine, and dyes obtained 
from alizarine, anthracene and carbazol; and natural 
and synthetic indigo and all indigoids, whether or not 
obtained from indigo)’ be omitted. Otherwise the sin- 
cere and rational attempt of H. R. 16,763 to establish 
a coal-tar industry in this country is liable to be en- 
tirely frustrated by that parenthetical exception.” 

The Senate struck out this clause, and provided that 
the bill be not operative until after the war, and the bill 
went to conference. After consideration by the con- 
ference committee the clause was put back with medic- 
inals and flavors added, and the bill was made effective 
at once. It finally passed both Senate and House in this 
form. After five years a yearly reduction of 20 per cent 
in duty is to be made, and unless the American industry 
reaches 60 per cent of our consumption in five years the 
duties become ineffective. 

Further parts of the argument presented to the Sen- 
ate committee by the sub-committee above mentioned, 
representing practically all the large producers and con- 
sumers, are worthy of earnest consideration. The argu- 
ment continues as follows: 

“The bill, after imposing a general 30 per cent duty on 
colors and dyes embodies in Section 401 the specific rates 
designed to encovrage the foundation of this industry in the 
United States. This section imposes for a peviod of five 
years or more a special duty of 2%c. per pound on inter- 


mediates enumera‘ed in Group 2, and 5c. per pound on the 
finished colors and dyes enumera‘ed in Group 3. But, un- 
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fortunately, the parenthetical exception above referred to 
cuts out from this special 5-cent duty ‘natural and syn- 
thetic alizarin and dyes obtained from alizarin, anthra- 
cene, carbazol and natural and synthetic indigo and all 
indigoids, whether or not obtained from indigo.’ 

“The class of colors thus excepted from the operation of 
the act constituted 27 per cent in money value of all the 
dyes sent out from Germany to us in the year 1913 and 
German exports alone represented more than 80 per cent 
of the U. S. A. consumption of all colors in that year. 

“The terms of the bill provide that the special duty shall 
cease unless an American industry shall have been built up 
in five years’ time capable of furnishing 60 per cent in value 
of the country’s consumption. This arbitrary deduction of 
27 per cent of the industry will make the attainment of 60 
per cent of the total, a practical impossibility. 

“Nearly eight million pounds of indigo, 20 per cent paste, 
are annually imported at a value of one and a half million 
dollars; this is by far the most important single color im- 
ported, and no other color approaches a million dollars in 
value. The two classes—alizarin and indigo—already rep- 
resent nearly 16,000,000 pounds by weight of our color im- 
ports out of a total of fifty million pounds, and if they were 
permitted to reach our shores at one-half the duty imposed 
on the others they would soon represent nearly all of our 
colors. Dyes obtained from anthracene and indigoids com- 
prise every shade of color in the rainbow. The colors thus 
excepted by the bill may be used on cotton, silk, wool, 
leather, in making paints or for any other purpose for 
which the strictly aniline colors may be used. Taken on 
the average, the colors thus excepted sell at lower prices in 
the form in which they are sold than the so-called ‘anilines.’ 

“Nearly all of the excepted colors are made either with or 
by a combination of anilin oil and salts. Turkey red, it is 
true, may be made without using anilin and indigo may be 
made without using it, but as a matter of fact, one-half of 
the indigo in the world is actually made by using anilin and 
(however made) 70 per cent of the weight of indigo con- 
sists of anilin in its final analysis or composition. 

“And it is now recognized that the cheapest and most 
effective way to make indigo is by the use of anilin. And 
yet under this exception indigo made with anilin would 
escape the extra duty or surtax. All the other excepted 
colors contain as much as 30 per cent of their weight in 
anilin oil or its equivalent. 

“And so, as was stated above, these colors dovetail into 
one another and it will be chimerical to expect to build up 
an anilin color industry in this country by a specific tariff 
whilst thus exposing it to attack from colors that contain 
anilin, compete with anilines and yet under the exception 
will not be classed as anilin colors. 

“Furthermore, it may be stated that for the amount of 
indigo imported into this country in 1913 there was re- 
quired 1,000,000 lbs. or 500 tons of anilin oil in its produc- 
tion, and the total anilin oil consumption of the country 
before the war was but 4,000,000 Ibs. This exception, there- 
fore, practically takes back with the left hand what has 
been given with the right. It presents the anomaly of at- 
tempting to build up that most important coal tar industry 
by a temporary dike or barrier and leaving the dike wide 
open over 27 per cent of its length. 

“The duties provided by the act are at the best barely 
sufficient to offset in normal times the handicap of German 
priority and pre-eminence. 

“The exclusion of the colors in question would open a 
way to evade the spirit of the law and would cause endless 
disputes calling for Treasury interpretations. The con- 
sumer would find himself forced to question the derivation 
of every color imported in the hope that it would be found 
to be included in the excepted class. Expert witnesses could 
show that blacks, blues and 90 per cent of all colors may 
be produced from alizarin, anthracene, indigo and carbazol. 
The European makers would immediately develop colors 
produced from the privileged group which have many 
superlatively good qualities, and soon the new tariff would 
be found almost as inefficient in building up this industry 
as we have just found to our cost that the old tariffs have 
been. 

“The collateral importance of this industry must not be 
overlooked. 

“The coal-tar industry has a direct bearing on the 
steel industry as also on the high-explosives industry, and 
this last is absolutely essential to national life and safety. 

“Unless the coal-tar color industry can be put on a sound, 
independent and paying basis in this country, it will be im- 
possible for the country to become independent of the world 
in the matter of those high explosives which are essential 
for military purposes. 

“During the past thirty years a 30 per cent ad valorem 
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duty on so-called anilines, but leaving indigo, anthracene 
etc., on the free list, has utterly failed to produce any 
sort of coal-tar color industry in this country except a 
very small industry which depended on imported inter- 
mediates. There is no foundation whatever for the belief 
that a 30 per cent duty which was ineffective in the case 
of anilines would be effective to create such an indigo and 
anthracene industry in this country. The color industry is 
and should be considered as a whole. If exceptions are 
made which are to be wholly or partly duty free they would 
soon grow to be of more importance than the items not 
excepted, and this could have only one effect—to defeat the 
very object of the bill. No one would be tempted to invest 
money in making aniline colors so long as he could be ex- 
posed to competition by another group or class of colors 
paying a much lower duty.” 


Representative Kitchin of North Carolina, chairman 
of the House Ways and Means Committee, led the fight 
in the conference committee against the specific duty 
on alizarin, indigo, medicinals and flavors, and Ceasar 
Cone of the Proximity Manufacturing Company of 
North Carolina, one of the largest users of indigo in the 
country, persistently fought the duty on these products 
Thus it might be said that one factory has won out 
against consumers and manufacturers employing 2,000,- 
000 people. 

The dumping clauses in the section on unfair compe- 
tition are first-class. Provisions are made for the first 
time, controlling imports and subjecting importers to 
all the restrictions of American manufacturers. The 
anti-dumping clauses are practically the same as when 
the bill passed the House and Senate before going to 
Congress. They make it unlawful for any person to 
import goods and sell them at a lower price than the 
actual market price in the country of their production. 

The actual text of Group III and Sections 83 and 84 
are given below. Group I contains a list of the coal-tar 
crudes—these are admitted without duty—and Group 
II contains a list of dutiable intermediates. These are 
omitted. 


“Group III. All colors, dyes, or stains, whether soluble 
or not in water, color acids, color bases, color lakes, photo- 
graphic chemicals, medicinals, flavors, synthetic phenolic 
resin, or explosives, not otherwise specially provided for 
in this title, when obtained, derived, or manufactured in 
whole or in part from any of the products provided for in 
groups I and II, including natural alizarin and indigo, and 
colors, dyes, or color lakes obtained, derived, or manufac- 
tured therefrom, 30 per centum ad valorem. 

“Sec. 83. That on and after the day following the pas 
sage of this act, in addition to the duties provided in sec 
tion 82, there shall be levied, collected, and paid upon al! 
articles contained in group II a special duty of 2% cents 
per pound, and upon all articles contained in group II! 
(except natural and synthetic alizarin, and dyes obtained 
from alizarin, anthracene, and carbazol; and natural syn 
thetic indigo and all indigoids, whether or not obtained fron 
indigo and medicinals and flavors), a special duty of 5 cents 
per pound. 

“During the period of five years beginning five years after 
the passage of this act, such special duties shall be annuall; 
reduced 20 per centum of the rate imposed by this section, 
so that at the end of such period such special duties shall mn 
longer be assessed, levied, or collected; but if at the expire 
tion of five years from the date of the passage of this ac‘ 
the President finds that there is not being manufacture’ 
or produced within the United States as much as 60 px 
centum in value of the domestic consumption of the artic! 
mentioned in groups II and III of section 82, he shall | 
proclamation so declare, whereupon the special duties i! 
posed by this section on such articles shall no longer | 
assessed, levied, or collected. 

“Sec. 84. That paragraphs twenty, twenty-one, twent 
two and twenty-three and the words ‘salicylic acid’ in par 
graph one of Schedule A of section 1 of an act entled ‘A 
act to reduce tariff duties and to provide revenue for t 
government, and for other purposes’ approved October 
1913, and paragraphs 394, 452 and 514, and the words ‘ca 
bolic’ and ‘phthalic,’ in paragraph 387 of the ‘free list’ « 
section 1 of said act, and so much of said act or any existin; 
law or parts of law as may be inconsistent with this ti! 
are hereby repealed.” 








Glimpses of New Pacific Coast Industries in 
the Making 
Impressions From a Flying Editorial Trip to California 


To write down the impressions received on an all-too- 
short trip to California might seem preposterous, if it 
were not for the fact that it was just one more trip 
in a series. While none of these trips was extended 
enough and thorough enough to permit a complete 
detailed sketch to be made of what was seen, they all 
together have left a very distinct moving-picture effect 
of new Pacific Coast industries in the making. To 
bring this point out clearly is the object of this note, 
while more complete accounts of the various new indus- 
tries are reserved for future issues from the pen of men 
directly connected with the different undertakings. 

After a very hot trip through the Middle West a first 
stop was made in Denver. Through the courtesy of Dr. 
R. B. Moore of the Bureau of Mines we visited the 
radium plant operated jointly by the Bureau and the 
National Radium Institute. It is a very business-like 
affair and gives an unexpected impression of bigness of 
plant and operation. The process was described in 
detail in a paper by Dr. Charles L. Parsons in our Vol. 
XIV, page 51 (Jan. 1, 1916). The work will soon be 
completed and the plant will then be sold or dismantled. 
We comment on some aspects of the radium work of 
the Bureau of Mines in an editorial in this issue (page 
275). 

At Salt Lake City another stop was made and we 
enjoyed a very interesting forenoon at the University 
of Utah, where in the Mining Building the station of 
the Bureau of Mines, under Dr. Dorsey A. Lyon, has 
its headquarters. We hope to publish in one of our 
next issues an account from Dr. Lyon’s pen of the very 
far-reaching and manifold researches carried out under 
his direction during the past two years. These re- 
searches have covered the most varied subjects, from 
flotation to electrolytic zinc and lead, and the recovery 
of zinc from low-grade ores by igneous concentration, 
and many other problems. It is a very well equipped 
laboratory, with some ingeniously designed home-made 
apparatus. From Dr. Lyon’s laboratory more than one 
well-trained engineer has gone into metallurgical prac- 
tice, and the industry has been the gainer. One of his 
most notable co-workers who is still with him is Mr. 
Oliver C. Ralston, well known to our readers by his 
work on flotation and electrolytic zine and lead. 

The University Club of Salt Lake City, at which we 
had the pleasure to lunch with Dr. Lyon, deserves a 
notice, as it represents a realization of what has been 
considered an impossibility in other cities. There is a 
very cozy clubhouse in the best residential street, and 

et in most immediate neighborhood of the business life 
of the city, with library and roof-garden, and all appoint- 
ments which make a clubhouse homelike. No wonder 
the financial conditions of the club are said to be the 
most flourishing of any club in the State. 

From Salt Lake City we went straight to San Fran- 
ciseo, and the first side trip to study new developments 

as made to the Pitt River in Shasta County. 


Electrochemistry Along the Pitt River 
Pitt is a station, nothing more, on the Shasta route, 
little beyond Redding, a night’s ride from San Fran- 
cisco. It serves as the starting point of a small so-called 
railroad line along the Pitt River up to Bully Hill. One 
the stations along the scenically beautiful road is 
Heroult on the Pitt. 


ELECTROLYTIC ZINC AT BULLY HILL 


Bully Hill is a famous old mining and smelting cen- 
ter. There are many indications of the primitive opera- 
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tions from early gold mining days up the Pitt River. 
There is also the big Bully Hill copper smelter, owned 
by the General Electric Company, but not in operation 
now on account of the suit brought by the government 


for damage done by fumes to vegetation. There we had 
the pleasure to meet our good old friend Mr. C. A. Han- 
sen, who has temporarily forgotten his old love, the elec- 
tric furnace, and is busily and enthusiastically engaged 
in making electrolytic zinc in a large-scale experimental 
plant. A very interesting account of some of his work 
at Bully Hill was given by him in our issue of Feb. 1, 
1916 (Vol. XIV, page 120). He is not now using 
rotating cathodes, but some from his former work were 
there for inspection. It is interesting to note that dif- 
ferent ores respond differently to the electrolytic proc- 
ess. Some curious problems with respect to addition 
agents have come up. The process is to be used on a 


large scale at the Mammoth Smelter at Kennet (midway 
between Pitt and Redding), and Mr. Handley of this 
company has done considerable work on the process. 
There is no doubt that electrolytic zinc is attracting 
attention. 


very considerable The number of metal- 











WHERE THE MCCLOUD CREEK JOINS THE PITT RIVER 


lurgists from various zinc companies we met at Bully 
Hill was significant in this respect. We were especially 
delighted to meet again at Bully Hill the distinguished 
general manager of Amalgamated Zinc, Ltd., of Broken 
Hill, Australia, Mr. Herbert W. Gepp. 

After much talk with many zinc experts, not all of 
the same opinion by any means, it would seem no rash 
prediction to say that electrolytic zinc has come to stay 
for good. 


NOBLE ELECTRIC STEEL COMPANY 


Midway between Bully Hill and Pitt lies Heroult-on- 
the-Pitt. It was sad to think that this is the last that 
is left in this country of the name of one who up to his 
death was a very good and true friend, but it is pleas- 
ant to say that now at least the place that bears the 
famous French electrometallurgist’s name has become 
prosperous. The Noble Electric Steel Company has had 
a hard time in an up-hill fight. 

When Mr. H. H. Noble, as president of the Northern 
California Power Company, with true pioneer spirit 
conceived the idea of introducing electric iron reduc- 
tion and steel refining to the Pacific Coast, he had be- 
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sides cheap power ($12 per horsepower-year) one very 
big asset—a really magnificent iron ore and limestone 
mine. This mine is still the biggest asset of the com- 
pany. 

The plant was started by Dr. Paul Heroult, who was 
assisted by Mr. N. Petinot, and pig iron was success- 
fully made. Then came a series of administrations, each 
characterized by a new furnace design. They were all 
carefully worked-out designs, but they all proved com- 
mercial failures. Each of these furnaces was worked 
for a time and subjected to improvements, but had 
finally to be abandoned. Most of the furnaces are still 
there, and the part of the plant where they are is some- 
thing like a furnace museum. 

If at this late date we may venture a reason for 
this succession of failures, we believe we are right in 
saying that everyone of the different furnace designers 
tried too much and wanted to make efficiency a maxi- 
mum at once. It was overlooked that the first aim must 
he to make the furnace work in continuous foolproof 
operation, and that when this is accomplished there will 
be time to look after finesses in the saving of heat units 
and other improvements. In trying to make a furnace 
theoretically perfect from the start, one is liable to in- 
troduce mechanical complications which will be fatal 
in operation. 

It is to the great credit of the present manager of 
the Noble Electric Steel Company, Dr. W. W. Clark, 
to have recognized this fundamental principle, and to 
have made a complete success of the plant. Since he 
started operation of the first furnace on April 15, 
1916, for making ferromanganese, it has been in con- 
tinuous operation. Mostly ferromanganese has been 
made, but when there occurred a lack of supply of man- 
ganese ore, the furnace was switched over for the time 
being to pig iron making. Other ferroalloys have also 
been made, and it is the intention to go into ferro- 
chrome manufacture, since it is recognized that ferro- 
manganese made in the electric furnace is a war baby. 
It is also intended to make special steels. 

The electric furnace now used is of utmost simplicity 
of design. In this respect Dr. Clark has gone back to 
the principle of Dr. Heroult, “simplicity first.” It looks 
as though Dr. Clark is going to make a reputation for 
himself as a first-class operating man at Heroult-on-the- 
Pitt, and Mr. Noble deserves our hearty congratulations 
on the final success of his pioneer work. 

A delightful automobile ride over the Cascade Moun- 
tains to Redding concluded an ideally perfect day. 
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A New Industrial Center of Growing Importance on 
San Francisco Bay 

The chief trouble with San Francisco as an indus- 
trial center has been in the past the labor problem 
the domination of the labor unions. (During our pres- 
ent visit it was the union of waiters and chefs of the 
many restaurants that were on strike, and on entering 
Tait’s or Techau’s we were told by red-ribboned gentle- 
men and ladies that no fair-minded man should patron- 
ize a place unfair to organized labor.) But the labor 
problem must be solved if San Francisco is to come to 
what is due to her as a manufacturing city in view of 
the many obvious very great positional advantages. 

San Francisco Bay is already an industrial district 
of no small importance, and its importance is rapidly 
increasing. One of the best locations is Pittsburg, at 
the outlet of the Sacramento and San Joaquin Rivers 
into San Francisco Bay. It has tidewater transporta- 
tion, besides three railroads, and it has fresh water 
supply from the two rivers. It is there that the new 
plant of the Great Western Electrochemical Company is 
located about which more will be said later, also the 
works of the Henry Cowell Lime & Cement Company. 
Then if we pass along the shore of San Francisco Bay, 
there are the General Chemical Company of California, 
the A. L. Smith Lumber Company, the Columbia Steel 
Company, the refineries of the Union Oil Company, 
Shell Oil Company and Arroc Oil Company, the Selby 
Smelter and the Mountain Copper Company, the Hawaii 
Sugar Company, the Giant Powder Company, the Her- 


cules Powder Company, the Standard Oil Company 
(having here the largest single oil refinery in the 
world), and the Stauffer Chemical Company. 

This is quite an impressive list as it stands. It shows 


that the positional advantages of the district are clearly 
recognized. If we add that in the near future consid- 
erably more electric power will be available on tide- 
water for which there will be no use for lighting, trac- 
tion and domestic purposes, because the present supply 
for these purposes is sufficient, then with an excess of 
electric power available at reasonable rates the incen- 
tive to go into new manufactures is self-evident. 

This brings us to the new power development of the 
Great Western Power Company. 


GREAT WESTERN POWER COMPANY 
It has been argued a priori (by a distinguished engi- 
neer in a report to his very distinguished company) that 


no permanent hydroelectric power could be had in Cali- 
fornia on account of its two seasons, the dry season and 
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the wet season. But this argument completely over- 
looks the possibility of regulating the flow of the rivers 
and storing the water in artificial lakes during the wet 
season and drawing it off during the dry season. 

An excellent example is the development of the Great 
Western Power Company. 

The power of the Great Western Power Company is 
derived from Almanor Lake—an artificial lake with an 
area of something like 20,000 acres, in the Feather River 
Canyon district, a three hours’ ride by automobile from 
Keddie on the Western Pacific. This lake now covers 
what was formerly the “Big Meadows.” By building a 
comparatively short dam in one corner of the valley it 
was possible to produce this artificial lake. 

The present power house of the Great Western Power 
Company is at Las Plumas on the Feather River. It 
has a developed capacity of 60,000 kw., which may be 
increased to 80,000 kw. or 110,000 hp. 

The new development, which is now under way, will 
utilize the same water in another fall near Belden, 
where a drop of 2000 ft. is available. This will yield 
250,000 hp. so that the total will be 360,000 hp. It is 
hoped that this development will be completed in about 
a year. 

By developing still other falls, the total that could be 
developed from the same water could be brought up to 
600,000 hp. Besides, more water could be made avail- 
able. 

The interesting point is that the same water is made 
to work here in several plants in succession and more- 
over that after it has been used repeatedly for power 
development, it is finally used for irrigation in the Sac- 
ramento Valley where a 100-ft. irrigation canal has been 
built for watering rice fields; this will form eventually 
a transportation canal from the Sacramento River to 
Oroville. In view of this situation it might almost be 
said that the name Great Western Power Company is 
a misnomer in so far as it is a water company rather 
than a power company. 

The Great Western Power Company has a splendid 
organization. At its head is Mr. Mortimer Fleishhacker, 
who is also president of the Angelo-California Trust 
Co. and ef the Great Western Electrochemical Co.—one 
of California’s ablest constructive financiers. Mr. E. 
W. Beardsley is general superintendent and Mr. W. W. 
Briggs general sales agent. Mr. J. M. Howells, the hy- 
draulic engineer of the company, is also the father of 
the company in that he discovered the possibility of cre- 
ating the lake and built the dam. Mr. J. W. Beckman 
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is the chemical engineer of the company looking for 
uses of power in electrochemical plants. Thus Mr. How- 
ells and Mr. Beckman may be called the pioneers of the 
head and the tail of the company. 

To Mr. Beckman we are indebted for some unforget- 
able delightful days along the Feather River with a 
grand auto trip from Keddie to Almanor Lake and over 
to the Belden Trail (Yellow Creek trail) where the new 
2000-ft. fall is to be developed. Our thanks for cour- 
tesies received are also due to Mr. Roberts in charge at 
Almanor Lake and to Mr. Cane and Mr. Menzel in 
charge at the power house in Las Plumas. 


GREAT WESTERN ELECTROCHEMICAL COMPANY 


The Great Western Electrochemical Company is an 
outcome of the conviction that if all the power which 
can be made available by the Great Western Power 
Company is to be utilized an outlet must be found in 
electrochemical industries. Mr. Mortimer Fleishhacker 
is the president; Mr. John F. Bush (formerly general 
manager of the Hooker Electrochemical Company) is 
vice-president and general manager; Mr. J. W. Beck- 
man is chemical engineer. 

Ground was broken for the new plant at Pittsburgh 
on San Francisco Bay in February, 1916, and operation 
was started in the latter part of July for the production 
of caustic soda and chlorine by electrolysis of brine. 
The capacity is 2500 hp., the output 5000 tons of caus- 
tic soda and 10,000 tons of bleach. Experiments are 
under way for the manufacture of other chlorine prod- 
ucts. Power is obtained from the Great Western 
Power Company at very reasonable rate. 

The Moore Allen cell is employed. This is a dia- 
phragm cell used by the Jessup & Moore Paper Com- 
pany; it is very similar to the Townsend cell, but no 
oil is used. 

The bleach made is sold principally for paper bleach- 
ing in the Pacific Coast States and in Canada, but as 
an indication of the peculiarities of the present time it 
may be said that some of the bleach has been sold to 
Sweden and Norway. 

The caustic soda is sold chiefly to plants at San Fran- 
cisco Bay, part of it in liquid form. 

Messrs. Bush, Beach & Gent are the sales agents of 
the company. While caustic soda and chlorine are the 
first products of the company, the intention is to enter 
other electrochemical industries. Mr. Beckman has a 
vision as to the electrochemical possibilities of the Pa- 
cific Coast and he is strongly backed by the industrial 
and financial genius of Mr. Fleishhacker. The develop- 
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OTHER NEW DEVELOPMENTS AT SAN FRANCISCO 

At Oakland, across the Bay, the Electro Alkaline Com- 
pany has been operating for some time a small plant of 
twelve Whiting cells for the production of hypochlorite. 
With present prices the business is highly profitable. 

In Visitation Valley, San Francisco, the Rankin 
process for fixation of atmospheric nitrogen is tried out 
in a 1000-kw. furnace, after experiments in a smaller 
furnace had been made in Nevada. No definite results 
can yet be announced. Mr. E. B. Bumsted, a civil en- 
gineer of San Francisco and the present president of 
the San Francisco Engineers Club, is backing the ven- 
ture. 

At the Berkeley station of the Bureau of Mines under 
Dr. Duschak much attention is paid at present to the 
cause of explosions which have occurred recently and 
repeatedly in oxy-acetylene welding plants along the 
Coast. 

Mr. E. J. Fowler of the Pacific Foundry Company 
has made a great success with his non-corrosive “corro- 
siron,” while from Mr. E. L. Oliver of the Oliver Con- 
tinuous Filter Company, we learn that his filter is 
entering the chemical field. 

The chemical industries are moving in California, 
and it is a pleasure to watch them. Even a hurried 
business trip, with some things to worry about (not 
the least being the threatening railroad strike), is 
a source of continuous delight in sun-kissed California. 

(A second article on Southern California develop- 
ments will follow.) 


Exhibitors at Chemical Exposition 


In the following we give an alphabetical list, com- 
plete up to Sept. 13, of the exhibitors at the Second Na- 
tional Exposition of Chemical Industries, to be held in 
the Grand Central Palace, New York City, in the week 
of Sept. 25, 1916. 


Abbe Engineering Co.; Abbe, Paul O.; Alberene Stone 
Co.; American Chemical Society; American Coal & By- 
Product Coke Co.; American Electrochemical Society; 
American Institute of Mining Engineers; American Syn- 
thetic Dyes, Ltd.; American Transformer Co.; American 
Synthetic Color Co., Inc.; Angel & Co., H. Reeve; Arnold, 
Hoffman & Co. 

Badger & Sons Co., E. B.; Baker, J. T., Chemical Co.; 
Barber Asphalt Paving Co.; Barrett Company, The; Bausch 
& Lomb Optical Co.; Beckers, W., Aniline & Chemical 
Works; Beighley Electric Co.; Benzol Products Co.; Bethle- 
hem Foundry & Machine Co.; Bristol Co., The; Brown In- 
strument Co.; Buffalo Foundry & Machine Co.; Butterworth- 
Judson Corporation. 

Carborundum -Co.; Carrier Engineering Corporation; 
Castner Electrolytic Alkali Works; Carolina, Clinchfield & 
Ohio Ry.; Celluloid Zapon Co.; Central Foundry Co., The; 
Chadwick-Boston Lead Co.; Chemical Catalog Co.; Chemi- 
cal Co. of America; Chemists’ Club, The; Coatesville Boiler 
Works; Codd Co., E. J.; Condensite Co. of America; Con- 
tact Process Co.; Corn Products Refining Co.; Corning Glass 
Works. 

Day Co., J. H.; De Laval Separator Co.; Denver Fire 
Clay Co.; Detroit Range Boiler Co.; Devine Co., J. P.; Dorr 
Company; Dow Chemical Co.; Downington Mfg. Co.; 
Driver-Harris Wire Co.; DuPont, E. I., DeNemours Co.; 
Duriron Castings Co. 

Edison, Thos. A.; Eimer & Amend; Electro Bleaching 
Gas Co.; Electrochemical Co., The; Electron Chemical Co.; 
Electrolytic Zine Co., Inc.; Elyria Enameled Products Co. 

Fabra Co., Ltd., The; Foote Mineral Co.; Foxboro Co., 
The; Franco-Swiss Colours Co.; Freeport Sulphur Co.; 
Fuller Engineering Co. 

Geissinger Regulator Co.; General Bakelite Co.; General 
Chemical Co.; General Electric Co.; German-American 


METALLURGICAL AND CHEMICAL ENGINEERING 


VoL. XV, No. 6 


Stoneware Works; Glens Falls Machine Works; Golden Chest 
Mine; Great Western Power Co.; Great Western Silica Co.; 
Greiner Co., Emil, The. 


Hardinge-Conical Mill Co.; Harrison Bros. & Co.; Hem- 
ingway, Frank, Corporation; Hayward & Co., S. F.; Herold 
China & Pottery Co., The; Holz, Herman A.; Hooker Elec- 
trochemical Co.; Huff Elecctrostatic Sep- Co.; Huyck & 
Sons, F. C. 

Industrial Filtration Corporation; Industrial Research 
Co.; International Equipment Co.; International Glass Co. 

Kieselguhr Co. of America; Kleinschmidt & Co., F.; Kop- 
pers Co., H.; Koven & Bro., L. O. 

Laboratory Supply Co., The; Lead Lined Iron Pipe Co.; 
Leeds & Northrup Co., The; Lehigh Car, Wheel & Axle 
Works; Lehigh Foundry Co.; Lehigh Stoker Co.; Lenz & 
Naumann, Inc. (American Apparatus Corporation); Life 
Saving Devices Co.; Little, pe oe D., Inc., Boston; Lung- 
witz, Emil E.; Luzerne Rubber Co. 

Madero Bros.; Manufacturers’ Record; Marden, Orth & 
Hastings Co.; Merck & Co.; Metals Disintegrating Co., The; 
Metallurgical & Chemical Engineering; Mathieson Alkali 
Works; Mine & Smelter Supply Co.; Mississippi River 
Power Co.; Monsanto Chemical Works; Mott, J. L., Iron 
Works; Multi-Metal Sep. Screen Co. 

Nash Engineering Co.; National Aniline & Chemical Co.; 
National Gum & Mica Co.; Newark Department of Docks 
and Meadows; Newport Hydro-Carbon Co.; Niagara Alkali 
Co.; Nitrogen Products Co.; Norton Co. 

Ohio Pottery Co. 

Palo Company, The; Paper, Inc.; Paper Trade Journal; 
Patterson-Allen Engineering Co.; Pennsylvania Salt Mfg. 
Co.; Pfaudler Co., The; Precision Instrument Co.; Process 
Engineers, Ltd.; Product Sales Co., The; Prest-O-Lite Co., 
Inc., The; Pyrolectric Instrument Co. 

Raritan Copper Works; Raymond Bros. Impact Pulver- 
izer Co.; Research Corporation; Roessler & Hasslacher 
Chem. Co.; Ruggles-Coles Engineering Co. 

Schaeffer & Budenberg Mfg. Co.; Schaum & Uhlinger, 
Inc.; Schutte & Koerting Co.; Scott & Co., Ernest; Scientific 
Materials Co.; Semet-Solvay Co.; Seydel Mfg. Co.; Sharples 
Specialty Co.; Shriver & Co., T.; Sidio Co. of America, The; 
Society of Chemical Industry; Solvay Process Co., The; 
Sowers Mfg. Co.; Squibb & Sons, E. R.; Stamford Mfg. Co.; 
Standard Aniline Products, Inc.; Stevens-Aylsworth Co.; 
Stone & Webster Eng. Corp.; Stuart & Peterson Co., The; 
Sturtevant Mill Co.; Sweetland Filter Press Co.; Swenson 
Evaporator Co.; Swiss Colours Co., Inc. 

Takamine Laboratory; Taylor Instrument Companies; 
Technical Association of Paper & Pulp Industry; Tennessee 
Power Co.; Tennessee Coal, Iron & Railroad Co.; Textile 
Colorist; Thermal Syndicate, Ltd., The; Thwing Instru- 
ment Co.; Toch Bros.; Tolhurst Machine Works. 

Uehling Instrument Co.; Union Sulphur Co.; United Gas 
Improvement Co.; United Lead Co. (Chadwick Boston Lead 
Co.); United States Bureau of Mines; United States Cast 
Iron Pipe & Foundry Co.; United States Bureau of Stand- 
ards; United States Smelting Co.; Universal Fibre Co., 
Inc. 

Valley Iron Works. 

Weiller Mfg. Co.; Werner & Pfleiderer Co.; West Pul- 
verizing Mach. Co.; Westinghouse Elec & Mfg. Co.; Whitall 
Tatum Co.; Williamsburg Chemical Co., Inc. 

Zapon Leather Cloth Co.; Zaremba Co. 





Chilean Nitrate Statistics for July 


Chile’s production and exportation of nitrate during 
July were both on a large scale according to Commerce 
Reports. There were produced in all the oficinas 5,- 
312,776 Spanish quintals (of 101.4 Ib. each) and the 
exports amounted to 5,674,088 quintals. 

The market at Valparaiso, where almost all the trans- 
actions in the sale and resale of nitrate take place, was 
not very active during the month, and the change in 
price was slight. At the end of the month ordinary, or 
95 per cent, nitrate was quoted for sale at about 7s. 5d. 
($1.80) per quintal alongside for delivery in the latter 
part of 1916. Nitrate for delivery in 1917 is held about 
a penny ($0.02) higher per quintal. Refined nitrate, 
96 per cent—1 per cent, sold as high as 7s. 10d. ($1.90) 
per quintal, but for 1917 delivery concessions from this 
price down to about 7s. 8d. ($1.87) were spoken of. 
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The Processes of the Organic Chemical 
Industry Used in the Manufacture 
of Intermediate Products 


BY A. H. NEY AND D. J. VAN MARLE 


There are six raw materials, derived from coal-tar 
or obtained in the by-product recovery of the coke-oven 
industry, from which the large number of the inter- 
mediate products are obtained. These six products are 
benzol, toluol, xylol, naphthalene, anthracene and phenol. 

By submitting these raw materials to the action of 
different chemicals in succession, it is possible to ob- 
tain from one raw material different intermediate 
products. By changing the order in which we let these 
chemicals act, or by changing the proportions or phys- 
ical conditions (especially the temperature), we are 
able to obtain different intermediate products with the 
same chemicals from the same raw materials. 

The nature of the operation depends on the chem- 
ical we use, so that the action of one chemical on dif- 
ferent products is very similar from a mechanical 
standpoint, and the apparatus in which the operation is 
carried out is essentially the same. 

The most important operations are: 

Nitration, carried out by means of nitrating or mixed 
acid, a mixture of nitric and sulfuric acid, by which 
the material acted upon is converted into a nitro-com- 
pound, and often followed by a reduction, transforming 
the nitro-compound into an amido-compound by the 
action of iron and hydrochloric acid. 

Sulfonation, carried out by means of sulfuric acid 
of different concentration, by which sulfonic acids are 
formed, which are often converted into hydroxyl com- 
pounds by a caustic fusion, viz., by fusing with caustic 
soda in open kettles or in autoclaves under pressure. 

Due to the chemical constitution of the products, 
often different products are formed in one operation. 
In the benzol-, toluol-, and xylol-series we distinguish 
these products as ortho-, meta-, and para-compounds, 
and as a rule either the meta- or the ortho-, and para- 
compounds are formed almost exclusively. From 
naphthalene two different products can be formed, the 
alpha- and beta-compounds. When more than one 
chemical agent acts on one of the raw materials, the 
situation becomes more complicated, and in most cases 
a mixture of different products is formed, which has 
to be separated. The anthracene compounds form a 
class by themselves, as the product obtained therefrom 
are dyes themselves, and they will therefore not be 
taken into consideration. The derivatives of phenol 
mostly are not prepared from phenol, but from com- 
pounds of the benzol-series, so that the whole field can 
be divided into two parts, the benzol- and the naphtha- 
lene-compounds. 

A few examples will illustrate what has been said, 
nd show how it is possible to obtain many intermediate 
roducts from these few raw materials. 

By nitration of benzol nitrobenzol is formed, but by 
sing the double amount of nitrating acid, the nitration 
an be carried further, and we obtain meta-dinitro- 
enzol, which contains two nitro-groups. By reduc- 
on of nitrobenzol, it is converted into aniline. Re- 
icing meta-dinitro-benzol, however, we can prepare 
‘vo products by reducing one nitro-group or both, 

hich is possible by the use of a different reducing 
«went. With sodium sulfide only one nitro-group is re- 
cuced, and meta-nitraniline is formed; with iron both 
fn tro-groups are reduced, converting meta-dinitro-ben- 
z | into meta-phenylene-diamine. 

To prepare the respective para-compounds, para- 
nitraniline and para-phenylenediamine, we have to start 
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from aniline, which first is converted into acetanilide 
by means of glacial acetic acid, then nitrated. The 
nitro-compound on saponification yields para-nitraniline, 
and after reduction para-phenylenediamine. A _ small 
amount of the ortho-compound is formed during the 
nitration, the less the lower the temperature is kept. 

That the order in which the chemicals act can have 
a decided influence on the product formed can be shown 
by the action of chlorine gas on benzol, forming chlor- 
benzol, which by nitration is converted into a mixture 
of ortho-and para-nitro-chlorbenzol. Nitrating benzol 
first, and chlorinating the nitrobenzol, we obtain meta- 
nitro-chlorbenzol. 

In the naphthalene series the temperature is the de- 
ciding factor on the nature of the product formed, as 
by sulfonating naphthalene both alpha- and beta- 
naphthalene-sulfonic acid are formed, the latter mostly 
at high temperature, the former at low temperature. 

By caustic fusion we can obtain the alpha- and beta- 
naphthol, the latter operation only being carried out 
commercially. Sulfonating beta-naphthol it is theoret- 
ically possible to obtain seven different bete-naphthol- 
sulfonic acids, but only two are formed. By a larger 
amount of sulfuric acid two disulfonic acids are ob- 
tained, and in both cases it depends on the temperature, 
which one predominates in the mixture. 

The classes of compounds members of which are of 
commercial value are: 

Nitro-compounds, containing the NO, or nitro-group. 

Amido-compounds, containing the NH, or amido- 
group. 

Chlorine-compounds, containing the Cl or chlorine 
group. 

Hydroxyl<ompounds, containing the OH or hydroxy! 
group (phenols and naphthols). 

Alkyl-compounds, containing the CH, or methy]! group, 
or C,H, or ethyl group. 

Acetyl-compounds, containing the COCH, or acetyl 
group. 

Acids-compounds, containing the COOH or carboxyl 
group. 

Sulfonie acids, containing the SO,H or sulfonic acid 
group. 

Aldehydes and ketones, containing the CO or carbonyl 
group. 

They are generally obtained by the action of nitrat- 
ing acid (nitration), iron (reduction), chlorine (chlori- 
nation), caustic soda (caustic fusion), alcohol or other 
agents (alkylation), acetic acid (acetylation), carbonic 
acid (carboxylation), or sulfuric acid (sulfonation) 
respectively. 

These operations we will now discuss more in detail. 


Nitration 


By the action of nitric acid on organic compounds of 
the aromatic series, a group of products is formed 
which are called nitro-compounds. The action of nitric 
acid consists in the replacement of a hydrogen atom 
by the NO, or nitro-group. In a few cases not a 
hydrogen-atom but another group, such as the sulfonic 
acid- or carboxyl-group is replaced. Examples of prac- 
tical interest being the nitration of the alpha-naphthol 
sulfonic acids, which are formed by sulfonation of 
alpha naphthol, and are converted into dinitronaphthol 
or its sulfonic acid, commercially known as Naphthol 
Yellow S., and the nitration of phenol-trisulfonic acid, 
which is converted into picric acid, all three sulfonic acid 
groups being replaced by nitro-groups. 

It is possible to replace more than one hydrogen-atom 
by a nitro-group, but in most cases not more than three 
are replaced, in this way forming mono-nitro, dinitro 
and trinitro compounds. The preparation of mono- 
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nitro-compounds is comparatively easy, but it is more 
difficult to make a second or third group enter, and 
especially in the last case a certain excess of nitric 
acid is required, and it is necessary to increase the 
concentration of the acid and to carry the separation 
out at a higher temperature. Much heat is generated 
during the reaction, and the reaction, therefore, has to 
be kept under control by means of artificial cooling. 

In the benzol series three different nitro-compounds 
can be obtained, the ortho-, meta- and para-compounds. 
It depends on the groups already present in which posi- 
tion the nitro-group enters, and as a rule it enters in 
meta-position to a nitro-, sulfonic acid, carboxyl- or 
carbonyl-group, and in ortho- and para-position to a 
chlorine-, bromine-, alkyl-, amido- and hydroxyl-group. 
The proportions in which the ortho- and para-com- 
pound are found depend to a large extent on the tem- 
perature, the para-compound being formed in increasing 
amount of lower temperature. In case two or more 
groups are already present, it is hard to predict which 
compound will be formed owing to conflicting influences 
of these groups, and often a mixture of different com- 
pounds will be the result of this nitration. In most 
cases a fairly homogeneous product will be formed ,and 
by-products will only be present to a small extent, so 
that a nitration is one of the operations which is carried 
out in the organic chemical industry with the greatest 
success. 

In the naphthalene series two different nitro-com- 
pounds can be formed, the alpha- and beta-compound. 
The nitro-group here enters almost exclusively in alpha- 
position, a second nitro-group entering in position 5 or 
8 to the first. In case any sulfuric acid groups are 
present, the nitro-group enters by preference in posi- 


tion 3 or 8 to one of these groups. 


NITRIC ACID 


The form in which the nitric acid is generally used, 
is as nitrating acid or mixed acid, which is a mixture 
of nitric and sulfuric acid. During the reaction water 
is formed, which tends to dilute the acid, and in case 
straight nitric acid is used the acid would become so 
dilute that it would be no longer effective, necessitating 
the use of an excess of nitric acid to complete the reac- 
tion, which excess, on the other hand, may cause a small 
amount of higher nitrated products to be formed, which 
would cause serious trouble in subsequent operations. 

The sulfuric acid present in the mixture will bind 
the water formed during the reaction, and the nitration 
can, therefore, generally be carried out with the theo- 
retical amount of nitric acid, which also means a con- 
siderable saving, as nitric acid is much more expensive 
than sulfuric acid, and the waste acid, which contains 
only a small amount of impurities, can be mostly recov- 
ered and used for other purposes. The greatest advan- 
tage, however, is that whereas nitric acid has a strongly 
corroding effect on iron, the action of nitrating acid is 
only slight, and allows it to be shipped in drums, and 
to carry the nitration out in cast-iron kettles, which 
makes it possible to manufacture this class of products 
on a large scale. The presence of sulfuric acid also 
makes it easier to keep the reaction under control, and 
the only disadvantage is that much heat is generated 
by the water which is formed and the sulfuric acid, 
which causes a material loss of time, as most nitra- 
tions have to be carried out at low temperature. 

In certain cases the sulfuric acid determines the 
place in which the nitro-group enters the molecule, and 
its presence, therefore, can be objectionable unless a 
method is adopted to counteract its influence. This can 
be best illustrated with the example of the nitration of 
aniline, which gives amido-benzol, and from which two 
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important products are derived, meta- and para-nitrani- 
line. The amido-group directs the nitro-group in para- 
and to a smaller extent in ortho-position, but as it has 
basic properties, it forms with the sulfuric acid an acid 
sulfate, which causes the nitro-group to enter also in 
meta-position, so that the result of the nitration is a 
mixture of three products, which would have to be 
separated. By first converting aniline into acetanilide, 
its acetyl-compound, by means of acetic acid, it is pos- 
sible to neutralize its basic properties and prevent the 
formation of acid sulfate, so that now almost exclusively 
the para-compound is formed. The meta-compound can 
be obtained in an entirely different way, as we shall see 
later. 

The nitrating acid, which is generally used, is a mix- 
ture of 1 part of nitric acid with 1-2 parts of sulfuric 
acid, but in a few cases where it is required to use a 
much more concentrated acid, the nitric acid can be 
mixed with fuming sulfuric acid, which is cheaper than 
using a mixture of highly concentrated nitric acid with 
sulfuric acid. 

The nitric acid may be replaced by its salts, such as 
sodium nitrate, which when mixed with sulfuric acid 
forms nitric acid and sodium bisulfate, but as this 
causes mechanical difficulties, it is not often practised, 
even though it would be cheaper. 

There is one class of products, those containing a 
hydroxyl group, such as phenol and alpha-naphthol, 
which react very violently with nitric acid and are 
easily oxidized. Dilute nitric acid already converts 
them into their nitro-compounds, and the nitration of 
phenol by means of dilute nitric acid has been carried 
out on a commercial scale, as the para-compound is used 
in the manufacture of para-amido-phenol. This process 
has been abandoned, however, as a much larger amount 
of the ortho-compound is formed and another way of 
preparation has been found. The dinitro-naphthol and 
trinitrophenol or picric acid are of much value, how- 
ever, and in order to obtain these products, the naphthol 
and phenol are first converted into the sulfonic acids, 
the sulfonic acid groups being replaced by the nitro- 
group and any oxidation being prevented. 


TEMPERATURE 


In contradistinction to sulfonation, the temperature 
in nitration has no influence on the nature of the 
reaction-product, and is only of importance in regard 
to its purity. In the first place at higher temperature 
the nitration may be carried further, so that a small 
amount of a higher nitrated product may be formed, 
which, as already pointed out, may cause difficulties in 
subsequent operations. In the second place nitric acid 
is an oxidizing agent, and especially at high temperature 
the oxidizing action becomes more pronounced, and part 
of the material may be converted into products which 
are entirely valueless, which causes a loss of material 
and makes purification necessary. The presence of sul- 
furic acid, which tends to the formation of nitrosy]- 
sulfuric acid, a compound with strong oxidizing proper- 
ties, also may cause oxidation, and it is therefore of the 
greatest importance to keep the temperature sufficient) 
low to prevent this action, especially when the materia! 
to be nitrated is easily oxidized. The oxidation is 
accompanied by the development of nitrous fumes, which 
may cause still more complications, in case the materia! 
to be nitrated can be reacted upon by nitrous acid 
For example, the amido-compound, which may be con 
verted into diazo-compounds and later in the process 
into hydroxylcompounds, and the alkylated amido 
compound and hydroxyl-compound, which are able to 
form nitroso-compounds by the action of nitric acid. 
For this reason it also is advisable to protect th: 








amido- and hydroxyl-groups, and the least expensive way 
is to convert them into their acetyl-compounds by means 
of acetic acid, which can be easily saponified, in order 
to obtain the nitro-compounds. Formic acid and for 
the amido-compounds benazidehyde also may be used 
for this purpose. 

Much heat is generated during the reaction, partially 
due to the presence of sulfuric acid, and it therefore is 
necessary to supply the vessels in which the nitration 
is carried out with a cooling jacket, which serves at 
the same time as heating jacket, in case it is necessary 
to raise the temperature at the end in order to complete 
the reaction 

Last, but not least, the temperature should be kept 
under control, as at higher temperature the reaction 
may become too violent, which may cause serious ex- 
plosions, two of the products of this class, picric acid 
and trinitrotoluol, obtained by nitration of phenol and 
toluol respectively, being used in enormous quantities 
as military explosives. 


APPLICATION 


The largest application for the nitro-compounds is 
found as intermediate products in the manufacture of 
amido-compounds. The simplest and best known mem- 
ver of this series is nitrobenzol, obtained by nitration 
of benzol, and converted by reductioninte aniline. 
Enormous quantities are yearly produced, the produc- 
tion of aniline in the United States now being 15,000 
tons, requiring the production of approximately one 
and one-half times its weight of nitrobenzol, to which 
has to be added the large amount used as solvent and 
for the manufacture of benzidine. Starting from toluol, 
xylol and naphthalene we obtain the intermediate prod- 
ucts for toludine, xylidine and naphthylamine, which 
are applied to a large extent in the manufacture of 
many azo-dyes, and themselves again can be converted 
into other valuable products. The nitration of toluol 
yields a mixture of the ortho- and para-compound, which 
can be separated by fractional distillation in vacuum, 
and freezing out the para-nitrotoluol from the residue. 
The para-toluidine has a larger value than the ortho- 
ompound, while the para-nitrotoluol-sulfonic acid also 
is used in the production of the stillbene-dyes. The 
ortho-nitrotoluol can be converted into tolidine, which 
in its properties is very similar to benzidine. Com- 
mercial xylol is a mixture of ortho-, meta-, and para- 
xvlol, which on nitration forms a mixture of not less 
than five nitro-xylols, of which the meta<compound is 
present in the largest amount and also is the most val- 
uable. A separation here is not carried out. 

Other nitro-compounds which are further reduced to 
amido compounds are those of benzol-sulfonic acid, 
.wcetanilide, dimethylaniline, benzoic acid, salicylic acid 
and benzaldehyde, used for the manufacture of metanilic 
acid, para-phenylene-diamine, dimethyl-meta-phenylene- 
diamine, amido-benzoic acid, amido-salicylic acid and 
amido-benzaldehyde respectively. Nitro-benzaldehyde 
tself is also used in the preparation of certain dyes of 
the triphenylenethane series. 

On further nitration dinitro-compounds are formed, 
the most important being dinitrobenzol and dinitro- 
toluol, in the last case the ortho- and para-nitrotoluol 
both being converted into the 2-4 dinitro-toluol, the 
ortho-compound at the same time forming a small 
amount of the 2-6 dinitro-toluol. Naphtalene on the 
contrary forms only one mono-nitrocompound, but two 
dinitro-compounds, the 1-5 and 1-8 dinitronaphtalene, 
the first to a much smaller extent, but of larger value 
as it forms by treatment with zinc and concentrated 
Sulfurie acid naphtazarine or alizarine-black, a very 
fast chrome-black. It has been tried to make use of 
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the 1-8 dinitro-naphtalene by making a sulfur-black 
from it, which however has not been able to compete 
with other blacks of this class. 

Nitro-compounds are also used in the manufacture 
of azo-dyes, para-nitraniline, obtained by nitration of 
acetanilide, followed by saponification, being used in 
large quantities. When combined with beta-naphthol, 
para-red is formed. This dye being insoluble it is pre- 
pared on the fibre and can also be used in the paint- 
industry. It is remarkable that when a small amount 
of one of the beta-naphthol-sulfonic acids is added a 
much bluer shade can be prepared. The nitro-toluidine 
derived from para-toluidine also gives a valuable red 
lake. Para-nitraniline also is used for developing a 
number of azo-dyes on the fibre, which improves their 
quality. 

Much attention has also been paid to the nitration of 
chlorbenzol, as the nitro-chlorbenzol by heating with 
caustic soda forms nitrophenol, which can be reduced to 
amidophenol. The para-amidophenol is of value as a 
photographic developer, and important medicinal prod- 
ucts, like phenacetine are derived from it. Originally 
para-nitrophenol could only be made by nitration of 
phenol, when a much larger amount of ortho-phenol is 
formed, aside from the fact that the nitration had to be 
done with dilute nitric acid. The ortho-nitrophenol 
can be used for making anisidine and dianisidine, but 
for large quantities no outlet could be found. Dini- 
trochiorbenzol, when fused with sodium-polysulfide 
gives one of the best sulfur-blacks, which is now largely 
produced in the United States. When combined with 
para-amidophenol or dimethylaniline before fusion it 
will form a valuable sulfur-blue. 

In the naphtalene-series nitrations are of importance 
for the manufacture of alpha- and naphtylamine-sulfonic 
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acids and amido-naphthol-sulfonie acids which belong 
to the most important constituents for many azo-dyes. 
By nitration of alpha-naphthol and its sulfonic acids 
nitro-compounds are formed, which themselves are used 
as dyes, those being known as naphthol yellow. This is 
the only practical application of a nitro-compound as a 
dye, others having been superseded by dyes with more 
desirable properties. 

To this class of products also belong two explosives 
of high value, trinitrotoluol and trinitrophenol or picric 
acid, of which the high importance at the present time 
is well known. 

APPARATUS 


The nitrations are carried out in cast-iron kettles 
surrounded by a cooling jacket, and provided with an 
agitator. Even if not entirely necessary, it is prefer- 
able to build the kettles of acid-resisting cast iron, 
which last much longer than those of ordinary cast 
iron. 

As the raw material can be a liquid or a solid, there 
are two different ways of carrying out the nitration. 
If it is a liquid the nitrating acid is run into the raw 
material, in the other case the acid being put in the 
kettle first, and the material being added gradually. 
The materials have to be weighed out accurately, a 
measuring tank placed on a platform scale being pro- 
vided for this purpose, for the acid and the liquid ma- 
terial. 

In most cases neither the raw material nor the nitro- 
compound mix with the acid, so that to prevent the 
formation of two layers an efficient agitator, run at 
high speed, has to be provided, as insufficient agitation 
will result in an incomplete nitration, and may allow the 
nitrating acid to accumulate without acting on the 
material. In this case the nitration may start sud- 
denly and control may be lost of the operation. There 
are two types of agitators which have given satisfac- 
tion, one consisting of a right- and left-handed pro- 
peller, the other of a screw conveyor placed inside a 
cylinder. Nitrators are built up to 1600 gallons 
capacity, the larger sizes being provided with a series 
of tubes, suspended*® from the cover, through which 
cooling water is circulated, as jacket cooling here would 
be insufficient. Every tube is operated individually, and 
can be replaced in case of leakage without interfering 
with the operation. 

According to the nature of the product, there are 
three ways of separating this from the waste acid. A 
liquid nitro-compound is separated from the acid in a 
lead-lined tank with conical bottom, and collected in a 
storage tank; a nitro-compound of low melting point 
can be separated from the acid after it has solidified 
in a flat, lead-lined tank, while a nitro-product of high 
melting point can best be separated on a suction filter 
or by means of a centrifugal, if necessary after diluting 
the nitration-mixture in a lead-lined tank. The waste 
acid can be recovered, and concentrated or used for 
other purposes. In all cases the product is washed 
with water to remove the last parts of acid. 

A number of products like dimethylaniline and ace- 
tanilide are dissolved in sulfuric acid before nitration. 
In this case as in that of the sulfonic acids, where 
the sulfonation mixture is directly nitrated, the nitra- 
tion mixture is a homogeneous liquid from which the 
nitro-compound can be obtained by diluting with water 
in a lead-lined tank, and sometimes by the addition of 
salt. The nitro-product is filtered off in a wooden filter 
press or on a suction-filter, according to its nature and 
washed free of acid. 

Most of the nitro<ompounds are reduced without 
purification. In many cases, where it is crystalline, 


small amounts of impurities, which adhere to it in a 
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liquid form, can be separated in a centrifugal. In a 
few cases where a purification of the product is neces- 
sary, this will depend on the nature of the product and 
the impurities. 

In recent years different patents have been taken out, 
in which a process for continuous nitration has been 
described, which would make it possible to nitrate large 
quantities of material in a small inexpensive apparatus. 
The only product for which this process would be of 
interest would be nitrobenzol, as others are not produced 
in sufficiently large quantities. The apparatus consists 
of four small jacketed nitrators with high-speed agi- 
tators. The first and second ones are cooled, the last 
one is heated. The benzol and nitrating acid are in- 
troduced simultaneonsly in the first kettle in the correct 
proportions. The kettle is connected to the next one by 
a siphon, which is arranged in such a way that when 
the mixture reaches a certain level, it is gradually 
withdrawn at the bottom and flows into the second 
kettle, then into the third and the fourth, from which 
it runs into a separating tank. If this interesting 
process has found application on a large scale is not 
known. 


Conventions of American Foundrymen’s 
Association and American Institute 
of Metals 


This is foundrymen’s week at Cleveland, Ohio. Both 
the American Foundrymen’s Association and the Amer- 
ican Institute of Metals are holding their annual con- 
tions, and under their joint auspices there is a big 
exhibition of foundry equipment, supplies, machine 
tools and accessories. 

The programs of the technical sessions are very full. 
One session per day is held by either association. 
Among the papers there is a symposium on the results 
of closer co-operation between the engineer and the 
foundry, another one on the influence of gating on 
castings, another one on electric furnace practice. Some 
of the papers presented before the Institute of Metals 
are printed elsewhere in this issue. 

Among the exhibitors may be mentioned the Arm- 
strong Cork Company of Pittsburgh, Pa.; the Beighlee 
Electric Company, Cleveland; Brown Hoisting Machin- 
ery Company, Cleveland; Carborundum Company, Ni- 
agara Falls, N. Y; Charles J. Clark, Chicago; Cleveland 
Blow Pipe & Manufacturing Company, Cleveland; 
Davis, Bournonville Company, Jersey City, N. J.; 
Joseph Dixon Crucible Company, Jersey City, N. J.; 
General Electric Company, Schenectady, N. Y.; Gisholt 
Machine Company, Madison, Wis.; Goldschmidt Thermit 
Company, New York; Hauck Manufacturing Company, 
Brooklyn, N. Y.; Herman A. Holz, New York; Imperial! 
Brass Manufacturing Company, Chicago; Julius King 
Optical Company, New York; Lakewood Engineering 
Company, Cleveland; H. M. Lane, Detroit; Life Saving 
Devices Company, Chicago; Lincoln Electric Company 
Cleveland; Monarch Engineering & Manufacturing 
Company, Baltimore; Multi-Metal Separating Scree: 
Company, New York; Norton Company, Worcester 
Mass.; Pangborn Corporation, Hagerstown, Md.; Prest 
O-Lite Company, Indianapolis; Pyrotectite Company 


Chicago; Robeson Process Company, New York 
Searchlight Company, Chicago; Sullivan Machiner: 
Company, Chicago; Titanium Alloy Manufacturing 


Company, Niagara Falls, N. Y.; Union Steam Pum) 
Company, Battle Creek, Mich. 

Among the entertainment features will be a trip to 
a ball game Tuesday afternoon, a theater party Tue: 
day evening, an inspection trip to the Cleveland Blas' 
Furnace Co.’s plant on Wednesday, and other trips. 
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Design of Factories for the Manufacture of 


Dyestuffs 
By Percival Robert Moses, E. E. 
President of Moses, Pope & Messer, Inc 


The great war, imposing as it did a practical pro- 
hibition of imports of dyes into this country, has caused 
a rapid development of the dye industry, but there 
seems to be a general lack of appreciation of the funda- 
mental facts in connection with the design of plants for 
this industry, due to a lack of knowledge of the special 
problems to be met and solved, and as many of these 
problems have come before us in the design of such fac- 
tories, an article on the subject of the design of fac- 
tories for manufacturing dyes and chemicals appears to 
be timely, and probably useful to those contemplating 
building. 

It goes without saying that under the existing condi- 
tions, with a famine existing and with dyes command- 
ing prices more than 1000 per cent higher than the 
prices before the war, almost any kind of a plant, op- 
erated in almost any kind of manner should be able to 
make money, provided sufficient capital is available to 
tide over the period of making and correcting mistakes, 
but after the existing conditions cease the plants which 
have not observed the fundamental requirements for 
efficient manufacture will undoubtedly go to the wall. 

GENERAL PROCESS 

The general process of dye manufacture involves the 
mixing and heating of liquids, or liquids and gases or 
liquids and solids; the evaporation, crystallization and 
distillation of the resulting solutions, accompanied by 
filtering, drying and grinding in order to produce the 
finished product. The materials used are largely the 
products of the distillation of the light oils contained 
in gas or in tar, such as benzol, toluol, xylol, phenol, 
naphthaline, anthracene and solvent naphtha. From 
these are made a host of intermediates, such as beta- 
naphthol, alpha-naphthylamine, anilin oil, and alizarine. 
These intermediates and the final dyes are formed by 
sulfonating with sulphuric acid, chlorinating by dry 
chlorine gas, nitrating with nitric or mixed acids. Acetic 
acid and hydrochloric acid are also used in connection 
with iron filings and zine dust for reducing the nitrated 
bodies. Large quantities of caustic soda and caustic 
potash, when this is available, are used for melting the 
salt formed and removing the sulphuric acid. Lime, 
soda and occasionally potash are used for changing in- 
soluble into soluble salts, and for neutralizing free acid. 

In general, the process is one resulting in the forma- 
tion of vapors and fumes, and as these are frequently 
extremely corrosive and in some cases explosive, and in 

till other cases dangerous to life, the problem of trans- 
‘erring liquids and holding these liquids in storage dur- 
ng the processes and preventing the vapors from escap- 
ng into the room or into the atmosphere in an objec- 
onable state is one which has given rise to an immense 
nount of trouble, most of which could have been 
voided with proper knowledge of chemical properties 
nd substances and the material used to hold and con- 

‘y them. 

The same conditions make the problem of fire pre- 

‘ntion of special moment. Hardly a week goes by 
\-ithout news of some chemical plant exploding or burn- 

g up. This problem can best be met by separate 
buildings for all processes requiring open fire and isola- 
tion of all processes using explosive or easily ignited 
materials, such as benzol, alcohol and gasoline. 

Besides these special requirements, the nature of the 
processes result in chemical reactions which frequently 
cevelop heat, in which case it is necessary to cool the 
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solutions by cold water or in many cases by artificial 
refrigeration, and in some particular process artificial 
refrigeration is not sufficient, and ice must be made and 
used to get the benefit of the absorption of heat due to 
the latent heat freed in the melting of ice. 

The proper and economical heating of the liquids 
lends itself to the development of the highest efficiency 
in the utilization of the energy in fuel. Heat is re- 
quired in three degrees—if the term may be used— 
high, medium and low temperature heating. For ex- 
ample, in the sulfonation of one of the intermediates a 
temperature of around 350 deg. C. is required. This 
can only be obtained—as the product is inflammable 
by the use of a highly heated circulating medium in the 
jacket, surrounding the kettle, such as oil or super- 
heated steam. For this temperature nothing but direct 
fire will suffice to heat the circulating medium, or waste 
gases from other sources. 

Moderate temperatures, however, are used to a large 
degree for distillation, boiling and evaporating. This 
can best be obtained by the use of exhaust steam from 
the power plant, which may be operated at a sufficient 
back pressure to give the desired temperature. In one 
of the plants we recently completed, turbines were in- 
stalled and operated at a back pressure of 15 lb. per 
square inch and an initial pressure of 140 lb. The tur- 
bine, of course, used a very large amount of steam per 
kilowatt hour output, but as all the exhaust steam was 
afterward used for evaporating purposes the turbine 
acted merely as a reducing valve between the boilers and 
heating service, and the power was obtained substan- 
tially as a by-product of the supply of heat for the evap- 
orating processes. 

Low-temperature heating, such as heating of the 
building, heating of water—large quantities of hot wa- 
ter being required in the processes—can also be best 
furnished by the use of exhaust steam, the plan adopted 
varying in different instances, depending on conditions; 
for example, one of the power units may be arranged to 
exhaust at the lower back pressure required by the low 
temperature heating, or if there is only one power unit 
in operation, the lower pressure exhaust may be ob- 
tained from the lower stage of the steam turbine, or 
the 15-lb. back pressure line may be provided with an 
automatically controlled release into the lower back 
pressure line. 

The condensation from the coils is returned to the 
boilers, or if there is danger of contamination a heat 
exchange may be effected by the outgoing condensa- 
tion and the cold water on its way to the hot water 
heating tanks. 

Reference has already been made to the need of re- 
frigerating plants, and in the large dye plants these 
are of great importance, running up into the hundreds 
of tons capacity. Such refrigerating plants, and the 
condensation of the vapors in multiple effect evapora- 
tors and the reflux condensers require large quantities 
of water suitable for condensing purposes. It is, there- 
fore, an essential requirement in the choice for a site 
for the plant that abundant water be available for con- 
densing purposes. The water to be of such character as 
will not cause undue corrosion to the condenser, or 
scaling. 

Abundant water, but not necessarily of the same char- 
acter is required for the solutions, for boiler feeding 
and for washing filter presses and filtering apparatus. 
Compressed air is also necessary. It is used for blow- 
ing the acids from the tank cars into the storage tanks, 
and from these to the various measuring tanks, also for 
lifting liquids by means of montejus, and for blowing 
out filter presses, for agitating, and if oil is used as 
fuel, compressed air is used for atomizing the oil. 
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The plan of a dye plant is, therefore, very complex, 
as it contains all the apparatus required in the ordi- 
nary manufacturing establishment with the addition of 
refrigerating machinery, and elaborate ventilating sys- 
tems. The materials used must be carefully selected to 
withstand the liquids and gases to which they are sub- 
jected, and the matter of fire prevention, as has been 
mentioned, is one of greatest importance and of consid- 
erable difficulty. 

There is another question which is of vital importance 
in connection with the success or failure of the plant. 
A very large proportion of raw materials as compared 
with finished product is required in almost all these op- 
erations. For example, in the production of beta 
naphthol or phenol, approximately 16 tons of raw ma- 
terial, if the coal is included, are required for the pro- 
duction of one ton of finished product. 

This condition carries with it several important se- 
quences. The first is that the location of the plant un- 
der competitive conditions will spell success or failure, 
other things being equal. An advance in freight rates 
of 10 cents per 100 lb. is equivalent to from 1 to 2 
cents a pound on the finished product, and on materials 
which are sold in great bulk, such as sulphur black and 
the intermediates this sum may represent the entire 
profit on the sale. 

It is essential, therefore, that the plant shall be lo- 
cated so as to enable it to obtain its raw materials at 
the lowest possible cost, and for this reason a location 
on the water front where the freight rates are kept 
down by competition with water shipments, is essential, 
unless it is possible with some particular type of dye 
to locate close to a plant producing the greater part of 
the raw material required, in which case a saving on 
the freight rate on one material may make up for the 
higher freight rates on the other materials purchased. 
But the question of freight rates is one which should 
be considered and studied with the utmost care. 

The second sequence is that the handling of all this 
raw material must be done with the minimum of labor. 
This means automatic handling of the coal and ashes, 
large storage tanks with compressed air for delivering 
acids and other raw materials (liquids) and in some 
cases pumps must be used to avoid danger of explosion. 
The material in transit should be handled by conveyors 
wherever possible or pumped, and provision should be 
made for the discharge of some waste products and the 
storage of others, pending the development of by-prod- 
ucts from them. 

This question of delivery of the products in transit 
from one part of the process to another is also one 
which involves problems not usually met in the ordinary 
manufacturing plant. The materials in transit are fre- 
quently materials which would tend to clog up the pipes 
or channels, and in such cases the size of pipes must be 
made large enough to minimize the difficulty, and clean- 
outs must be provided at every turn of the pipe, and 
space left for easily getting at these clean-outs. 

In other cases materials tend to solidify (or freeze) 
in transit, and in these instances several methods are 
adopted depending on the nature of the materials, as 
for example, surrounding of the pipe carrying the ma- 
terial with a steam jacket, or where this is not neces- 
sary, with insulating covering, or in some cases by the 
injection of steam. 

Many of the liquids carried are extremely corrosive, 
and this difficulty can only be met by choosing the type 
of material which is least subject to corrosion, as for 
example the use of lead pipe for weak sulphuric acid, 
iron pipe for fuming acid, silver or tin or enamelled 
lined receptacles for acetic acid; earthenware, glass and 
special acid-resisting irons have all their special advan- 
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tages and disadvantages which must be considered in 
determining the best solution for this part of the prob- 
lem. 

BUILDINGS 


Building construction will depend upon local condi- 
tions, i.e., the comparative cost of brick or concrete or 
brick and concrete and steel. For many of the processes, 
mill construction may be used, but generally speaking 
wooden construction should be avoided, and as between 
the other types of construction—the less exposed steel 
work the better, because of the corrosive action of the 
fumes of sulphuric acid and hydrochloric acid. 

Where alkali fumes are present to any extent, wooden 
construction should also be avoided, so that on the 
whole a brick structure with possibly a reinforced con- 
crete skeleton if cost conditions make this possible is 
the most satisfactory. 

Such a building can be put up in New York for from 
6 cents to 10 cents per cubic foot, which is equivalent 
to from $1.80 to $3.00 per square foot as the average 
height of such buildings will be about 30 ft. 

The buildings are usually single-storied, part of them 
being high and part low, the high parts being used to 
accommodate the many-storied platforms necessary to 
permit gravity operation. 

The other requirements of the buildings are little if 
any different from the ordinary factory construction. 
Good light is advisable but not as necessary nor advis- 
able as it is in textile or similar mills. In fact, it is 
as well from a fire standpoint not to have any more 
glass than is necessary for the proper carrying on of 
the operations and in some chemical operations too 
much light is objectionable. 

Ventilation is of the utmost importance, and besides 
the special ventilation required for the processes such 
as the liming, nitrating, dissolving in acid, and similar 
operations, good general ventilation must be provided. 
Many of the fumes are poisonous, and of course these 
may be led directly away and not allowed to mix with 
the general atmosphere. A great deal of vapor is 
evolved and wherever possible it is collected directly at 
the apparatus such as the liming tub and led through 
ducts out into the open air, but in many cases this is 
not possible. For this reason, good general ventilation 
is essential. 

Where the processes of evaporation and crystalliza- 
tion are carried on in open pans it is frequently essen- 
tial to prevent any dropping back of condensation from 
the roof or hood, as this may carry with it impurities 
sufficient to discolor the whole solution. This is par- 
ticularly the case if any iron work is exposed. 


PIPING 


As every dye or chemical factory is liable to change 
from one product to another according to market con- 
ditions, it is usual to arrange the piping in stacks or 
headers with additional outlets provided at frequent in- 
tervals by means of plugged tees or elbows. These 
groups or stacks of piping include cold and hot water, 
waste, high, moderate and low (exhaust) pressure 
steam, condensation returns, compressed air and gas. 
Acids, benzol, toluol, etc., are usually piped directly t 
the apparatus supplied unless there are several kettles 
performing the same operations, in which case headers 
are run. 

Each material requires a particular kind of piping, 
as already noted in the general discussion. 


APPARATUS 


The same requirements as to choice of material in 
piping apply to apparatus. Standard apparatus for th« 
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various processes are gradually being evolved but as 
the work other than the tubs and tanks consists mainly 
of casting and sheet metal work, we have found it bet- 
ter to design each piece of apparatus, such as sulfona- 
tors, nitrators or reducers, making the sizes, outlets and 
supporting arrangements comply with the specific needs 
of the plant. 

Of course, we have adopted general designs for these 
pieces, and as far as possible these comply with the 
standard patterns of the manufacturers, but as most of 
the work is in the stage of evolution in many processes, 
there are no standards and new apparatus has to be de- 
veloped from a basis of knowledge of processes of a 
similar character and information of the materials to 
be distilled or otherwise treated. 

In all this work knowledge of chemistry is essential 
and the designing engineer should have with him a 
chemist to inform him of the probable reactions and 
the chemical effects occurring at each stage, including 
in chemical effects not only the gases, liquid or solid 
evolved but the heat developed and the temperature re- 
quired to be maintained. 

Questions of agitation are also important, as the 
profit on any product will depend under competitive con- 
ditions, other things being equal, on the percentage of 
yield, and this in turn will hang in many operations on 
the completeness of the mixture and the maintenance of 
correct temperatures during the process. This question 
of yields is most important and is the one most fre- 
quently forgotten in lay discussions. Almost any good 
organic chemist can produce a product, but unless the 
vield approximates the yield obtained by others, the 
process may be considered a failure. 

While a great deal of delay, difficulty and loss has 
been occasioned by insufficient knowledge, poor work- 
manship and undue haste on the part of manufacturers 
of apparatus, the good ones are gradually becoming 
known and with the wider development of the industry 
keen competition will not only reduce the present ab- 
normally high prices, but it will result in much better 
product. 

Even under existing rush “war order’ conditions, 
carrying with them labor unrest and hurried work, it is 
possible by careful inspection and selection to secure 
reasonable safety in the purchase of apparatus. 


ELECTRICAL WORK 


Many of the vapors affect insulating materials, and 
where wiring is exposed to destructive fumes it should 
be lead-coated. Otherwise the standard rubber and 
double braid insulated wire is satisfactory if enclosed 
in conduits, which, however, should be thoroughly pro- 
tected by painting with suitable paint, such as “ P & B” 
or asphalt paint, particularly at the couplings and out- 
let boxes. 

Alernating-current motors of the brushless type are 
necessary where inflammable vapors exist, and as these 
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usually exist in some part of the plant, alternating cur- 
rent is universally adopted. Motors must be of the 
squirrel-cage induction type wherever inflammable va- 
pors exist or other fumes make it inadvisable to use 
sliding contacts as required in variable-speed alternat- 
ing-current motors or in alternating-current motors de- 
signed for low starting currert. Wherever possible, 
however, synchronous motors are used to bring up the 
power factor and over all efficiency. Care must be 
taken in the location of switch boxes, auto starters and 
oil-cooled transformers, as with many processes the 
fumes have chemical effect on the oil and in several 
cases coming within our own personal experience, mo- 
tors have burned up and fires have started due to the 
chemical reaction between the oil and the fumes. 


TYPICAL PLANT 


The drawing reproduced above shows one of our 
recent layouts of a chemical plant which is producing 
two intermediates, with provision for the manufacture 
of two more in the immediate future. 

A brief discussion will perhaps serve to illustrate 
the points mentioned. 

The essential requirements taken care of are that 
the storage of inflammable materials such as benzol, and 
alcohol, is kept away from fire hazard, and the depart- 
ments in which these chemicals are used are kept in 
entirely distinct buildings from the buildings housing 
the fusion and distilling operations requiring open 
flames. The buildings containing the inflammable ma- 
terials are also kept as far as possible away from danger 
from locomotive sparks and the construction is essen- 
tially fireproof. 

Provision is allowed for expansion of the plant by 
having ample area and by providing space around the 
buildings so that each building may be added to without 
interfering with tle others. 

All the power, steam and compressed air is derived 
from a central plant which permits of ready expansion 
of the manufacturing plant and also permits the effi- 
cient utilization of all the energy contained in the fuel 
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by making use of the exhaust steam from the opera- 
tions of electrical manufacture and the making of com- 
pressed air. 

Steam is supplied at 150 Ib. from the boilers and at 15 
lb. from the exhaust of the turbines and at 2 lb. from 
the other exhausts. 

Railroad sidings, storage tanks with capacity for re- 
ceiving tank-car quantities in addition to the necessary 
operating reserves together with conveyors and eleva- 
tors for coal delivery to storage and from storage to 
the boilers take care of the handling of the raw ma- 
terials at the minimum cost. 

As far as consistent with the separation of the 
processes requiring flame from those requiring only 
steam and water, the process is routed on a straight 
line and where material has to be moved from one build- 
ing to another because of the separation of processes, 
the handling of material is done by conveyors and ele- 
vators. 

For the purpose of economy in handling and also to 
reduce the cost of piping and avoid stoppages, wherever 
it is possible to do so, the kettles or filters discharging 
into tubs are placed directly above the tubs into which 
they discharge. The measuring tanks which measure 
the liquids delivered into the kettles are placed above 
the kettles. This involves in some cases three and four- 
story platforms, but pumping is avoided with all its 
manifold objections. Wherever it is necessary to draw 
from tubs or tanks to discharge through filters or into 
overhead apparatus, it is our practice to use montejus 
instead of pumps as montejus require little if any at- 
tention. They operate with great rapidity and as they 


only use power when in operation they are far more 
efficient than the wasteful steam pump with its con- 
tinual leakage and its low steam efficiency. 

, The plant discussed also complies with the require- 


ments mentioned in the beginning of the article, as it 
is located on the shores of a large body of water which 
assures an ample supply of good condenser water and 
pure water for other purposes. The proximity of the 
plant to the source of supply of benzol, toluol and other 
raw materials, together with the competition offered by 
water shipments assures low freight rates for the other 
raw material not produced near at hand. 

The problem of fire protection is solved by the segre- 
gation of the buildings, separation by fire spaces and 
the maintenance of water pressure by elevated tank and 
chemical fire extinguishers located throughout the plant, 
together with the usual safeguards required by the in- 
surance companies, such as wire glass windows, fire- 
proof doors, etc. 

The location is also a good one from the point of 
view of labor. The other requirements are also sat- 
isfactorily met, viz.: that labor shall be available at 
reasonable prices and that there shall be comparative 
freedom from restrictions as to the making of nuisances 
such as smells caused by the fumes and disposal of 
waste materials. Two specific instances have come to 
our knowledge where failure to consider the nuisance 
question is necessitating the removal of the plants. 


COSTS 


It is impossible to give any data on costs which will 
be reliable for any particular process. 

The cost of the half dozen plants with which we have 
had to do, however, runs from $150.00 to $175.00 per 
ton of finished product per year, exclusive of buildings 
and from $300.00 to $350.00 a ton including land, build- 
ings, water supply and power plant. 

These prices are 1915-1916 prices and are probably 
higher than those that will obtain when normal condi- 
tions recur. 
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In some of these plants, the process starts from an 
intermediate such as anilin oil or a crude base such as 
naphthalene or benzol. In all cases the heavy acids, sul- 
phuric, mixed and acetic were purchased and the prod- 
ucts made were the simpler ones having large bulk sales. 
As these intermediates are themselves used in furtne, 
processes to produce the finished dyes, it becomes neces- 
sary greatly to increase these figures when complex cyes 
are contemplated, as these involve many sulfonations, 
nitrations, filterings, washings, reducings, etc., and the 
recovery processes for the recovery of the various re- 
ducing agents and the efficient utilization of waste prod- 
ucts are so many separate chemical processes. 

The industry has already developed its feeding indus- 
tries, i.e., the producers of caustic soda by the electro- 
lytic process have added chlorination plants for making 
the monochlorobenzol used in the making of blacks; 
coke oven plants have added benzol, toluol and xylol and 
solvent naphtha recovery plants and are extracting their 
naphthalene and no doubt will soon be making the other 
crude bases such as anthracen and alizarine. 

The importance of the industry to the United States 
cannot be measured by the tonnage or value of the dyes 
or intermediates produced. 

The total present needs of this country are estimated 
at from 35,000 to 40,000 tons a year, but this means 
that use wili be found for three or four hundred thou- 
sand tons of sulphuric acid, largely a byproduct of 
other processes; possibly 100,000 tons of caustic soda; 
thousands of tons of benzol, toluol, naphthalene, etc., and 
the production of these quantities of these materials 
means that the United States will be in a position to 
supply its own needs for defense if occasion should 
arise. 

All these things are not only possible but they are 
probable, and observance of basic requirements and effi- 
ciency in planning together with protection against dif- 
ferent standards of living and unfair competition are 
all that are needed for the development of a dye indus- 
try capable of supplying the needs not only of this coun- 
try but of a fair share of the world. 





The International Nickel Co. has acquired additional 
land at Bayonne, N. J., and will enlarge its plant at 
a cost of $500,000. 

Electric Welding at Electrical Exposition.—Elec- 
tric welding of iron and steel will be one of the 
exhibits of the New York Electrical Exposition, which 
will be held in Grand Central Palace, New York 
City, Oct. 11 to 21. The exhibit is being arranged 
by the Arc Welding Machine Company of 220 West 
Forty-second Street, New York City, and Mr. O. A. 
Kenyon will be in charge. The public will have an 
opportunity of seeing all grades of welding accom- 
plished in iron and steel, including structural pieces, 
plates and castings. Two arcs will be in operation 
equipped with automatic control so that the metal 
cannot burn by drawing too long an arc. The length 
of the arc is automatically controlled so that even 
the most unskilled worker cannot draw it beyond 
the point set. A special type of self-regulating gen 
erator designed particularly for welding purposes 
will be used. It consists of three units, one of which 
supplies the power, another of which regulates for 
constant current, and a third which takes care of the 
adjustment. This generator is used exclusively b) 
the Arc Welding Machine Company. The United 
States Government is co-operating in the Electrica! 
Exposition through the War, Navy and Commerce 
Departments, all of which will have comprehensive 
exhibits. 








The Selection of a Method of Ore-Treatment 


BY GEORGE J. YOUNG 


Professor of Metallurgy, Colorado School of Mines 
Present Methods of Ore and Mineral Treatment 


Methods of ore and mineral treatment are broadly 
divided into (1) mechanical methods in which the min- 
eral substances retain their identity, and (2) chemical 
methods in which one or more of the mineral substances 
are changed into other compounds. Mechanical meth- 
ods consist of hand-picking, wet concentration, dry con- 
centration, amalgamation, magnetic separation, electro- 
static separation and flotation. Chemical methods are 
divided into smelting methods and those in which a solu- 
tion of an active chemical agent like potassium cyanide 
or sulphuric acid is used to dissolve the valuable mineral. 

The simplest mechanical methods are hand-picking 
and washing. Coal, iron ore, barytes and kaolin have 
their impurities removed by these methods. Hand- 
picking is frequently resorted to for the purpose of re- 
moving rich lumps of mineral from gold, silver, copper, 
lead, zinc, or other ores. 

Next in complexity is wet concentration. In its crud- 
est form it is used for the treatment of alluvial ores of 
gold, tin, platinum, and alluvial material containing 
monazite, rare earths and diamonds. The mechanical 
treatment of gold, silver, lead, zinc and copper ores 
involves more elaborate machinery and a much more 
complicated cycle of steps. Where wet concentration 
methods, which depend primarily upon differences in 
specific gravities of the constituent minerals of the 
ore, do not give satisfactory results, flotation, magnetic 
and electrostatic separation, which depend upon physical 
properties other than specific gravity, can be considered 
and their suitability determined. 

Of the solution methods the cyanide process is easily 
of the first importance. It is used for the treatment of 
gold, silver and gold, and silver ores. Not infrequently 
wet concentration is used in conjunction with it. Next 
in importance is the leaching of oxidized copper ores 
by the use of solutions of sulphuric acid. While many 
solution methods have been proposed for the treatment 
of ores other than gold and silver, it is worthy of note 
that no one of them has passed beyond the experimental 
stage with the exception of the acid-leaching of copper 
ores. The field is, in spite of this fact, a promising one. 

Smelting methods are applied to iron, copper, gold, 
silver, lead and zinc ores. Where ores are “high grade” 
they frequently are sold to smelters without preliminary 
treatment. In the case of “low-grade” ores some me- 

hanical method as indicated before is necessary in 
order to prepare a rich product which is sent to the 
melter for treatment. 


The Examination of Ores 


The examination of ores for the purpose of determin- 
g methods of treatment is in itself a common enough 
rocedure and involves methods which are well known 
ind in most cases easily applied. The elaboration of a 
stematic method of examination has the advantage of 
‘ringing to a student the possibilities of the problem 
d compensating for his lack of practical experience. 
ere have been relatively few attempts to do this, and 
is my purpose to present such a system and discuss 
limitations. 
Taking the Samples . 


Few ore deposits are uniform, and the samples which 
are to form the basis of our examination must be taken 
\ th the view of representing, as accurately as samples 
can represent, the extremes of variation and the averages 
0’ the ores which have been exposed in the mine work- 
ings. The deposits may present three distinct divisions, 
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the upper or oxidized portion, the intermediate or en- 
riched portion, and the lower or primary portion. In 
some cases the ore problem may concern all three zones, 
while in others the oxidized portion may be relatively 
insignificant and the enriched portion important, or 
both the oxidized and enriched portions important and 
the primary zone unimportant. In other cases the 
primary zone may be of greatest importance. The rela- 
tive importance can be determined by the relative quan- 
tities of ore and gross values represented by the three 
divisions. Whether one, two or three divisions are con- 
sidered the procedure is essentially the same for each. 
An average sample is taken from each zone. This is 
done by making a number of sample cuts and combining 
the material from all. The possibility of dividing the 
ore into “first-class” or shipping ore and second-class or 
“mill ore” should be considered also. Here the metal- 
lurgist has to consider the mining problem. If it is 
possible to separately mine the two classes or readily 
separate them after breaking, then samples are taken 
of each class. This feature may apply to all three zones. 
The result of the sampling will be to give in the most 
general case from three to nine separate samples. 


Oxidized First Class See 
Intermediate 


Primary 


ond Class Unseparated 


No hard and fast rule can be laid down for the size of 
the samples. It is well to provide ample material and, 
if it is suspected that many tests will have to be carried 
out, from 500 to 1000 lb. of each sample may be ad- 
visable. For the small-scale tests the gross samples can 
be quartered to 100 lb. The taking of the samples is 
best done under the supervision of the metallurgist, and 
while they are being taken he should examine the gen- 
eral features of the ore in place. The physical nature of 
the ore, the manner in which it breaks and the nature 
of the mineralization are important points. A series 
of specimens of minerals typical of the ore and lumps 
of the ore itself should be gathered for future study. 
If it is obvious that stopes will be carried partly in the 
wall-rock, specimens and samples of the walls should be 
taken. 

Samples and specimens for examination should be 
carefully marked and protected from any possible con- 
tamination. 

Assays and Analysis 


Each sample is reduced and a sample for assay and 
analysis taken. An assay for gold and silver and an 
analysis for the more important metals are made. 
While in many cases a complete analysis is unnecessary, 
I am very much in favor of making it. It will at least 
serve to check the possibility of the presence of un- 
usual or unsuspected constituents. 


Mineral Determinations 


The lump-ore specimens are next examined and the 
minerals determined. Each mineral is separated and 
tested. Distinction is, of course, made between valua- 
ble and gangue minerals. The unusual minerals present 
are determined from the collection made at the time 
of sampling. Where it is possible to separate clean 
mineral fragments the specific gravity of the constitu- 
ent minerals is determined. The percentage mineralog- 
ical composition is then figured. 


Physical Examination 


The specific gravity of the ore in the different sam- 
ples is determined. This is not as easy as it appears. 
If the ore is compact, determinations upon lumps are 
sufficiently accurate. Several pieces should be tested 
and the average specific gravity calculated. If the ore 
is porous probably the best method is to determine the 
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approximate specific gravity by taking large pieces and 
determining their volume by sand displacement. The 
specific gravity is also calculated from the percentage 
mineralogical composition. The pore space of a given 
ore can be determined from the calculated and deter- 
mined specific gravities. The hardness of the individua! 
minerals and the approximate hardness of the ore should 
be tested and determined. Any definite structure such 
as banding, brecciation and planes of weakness should 
be noted. Plasticity or toughness or other pronounced 
physical characteristic should also be noted. For the 
physical examination the lump specimens are preferable 
to the test samples. 


Mineral Association 


The general nature of the mineralization of the ore 
will have been determined from studies made in the 
mine. The detailed study is made upon the type speci- 
mens previously collected. Ores from the standpoint 
of mineralization may be divided into massive, banded, 
laminated, disseminated, fracture-plane, and irregular. 
The terms are in common use and no definitions are 
necessary. Where only one mineral is associated with 
the gangue the size of the individual grains and aggre- 
gations of grains and crystals should be determined. 
In most ores the valuable mineral aggregates vary 
greatly in size, and it may be very difficult to determine 
the average size. In this case the extremes and the 
relative importance of each should be determined. For 
example, the aggregates may be for the most part of 
large size, say walnut size, or they may all be small, say 
of the size of wheat grains. Where relative terms are 
used for the description of sizes they should be defined 
within certain limits. 

Aggregates may consist of two or more crystals. 
Note the number of crystals, the tenacity with which 
they adhere to one another in the individual aggregates, 
the shape of the aggregate, whether it be irregular, 
cubical, lenticular, sheet-like or tabular and the preva- 
lency of the form habit. In addition, where two or more 
heavy minerals are associated, either as _ individual 
crystals or aggregates of crystals, note the nature of 
the association, the relative size and shape of the indi- 
vidual grains, and whether one mineral is included 
within the crystals of the other or they come together 
like the parts of a mosaic. 

Where minerals are coarsely crystalized and the color 
and luster of the individual minerals sufficiently marked 
to admit of ready recognition, the examination of the 
lump ore or the broken pieces of the sample can be 
effected by use of a hand magnifying glass or by simple 
inspection. In the case of most copper, lead, zinc and 
some silver ores, the simple methods mentioned suffice. 
When the minerals are finely crystallized, intimately 
associated or differentiated with difficulty, then the 
method of examining a polished surface of the ore with 
the metallographic microscope is in order. A number 
of type pieces are selected and significant faces smoothed 
and polished. Individual mineral aggregates may be 
selected and prepared in the same way. Where differen- 
tiation is not pronounced reagents can be used to bring 
out differences in texture and color by etching. Thin 
sections of the ore are also prepared and examined 
with the petrographic microscope. In the case of a 
very complex ore the three methods enumerated above 
may be necessary, but it is surprising how much can 
be accomplished by the simple method of examining a 
number of broken fragments by the first method. 


Crushing and Panning 
Certain ores do not give satisfactory results by the 
above methods. 
this division. 


Gold ores and many silver ores fall into 
The relatively small quantity of the gold 
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and the smallness of the individual particles usually 
prevent its recognition. Where several sulphide min- 
erals are present the ore may be coarsely crushed and 
separated by a needle into its constituent minerals. By 
weighing and assaying each portion the presence and 
proportion of gold in each can be determined. In the 
case of fracture-plane mineralization the mineral on 
the fracture planes can be scraped off and assayed and 
the association of gold with it determined. The heavy 
sulphide minerals in a gold ore are usually in a finely 
divided condition and it is not feasible to separate by 
picking. The simplest method is to crush a given por- 
tion through a 20, 30 or 40-mesh screen and then con- 
centrate it in water by means of a pan or batea. 

The products obtained are concentrate, sand and 
slime. The concentrate should be examined for the 
presence of “free gold.” With a microscope the size, 
shape and nature of the gold particles can be observed. 
In some cases the gold particles can be seen projecting 
out of particles of sulphides or attached to pieces of 
gangue. By weighing the products and assaying, the 
proportion of gold in each can be determined. By 
amalgamating the gold in the concentrates the propor- 
tion of free or liberated gold can be determined. By 
comparing the results obtained from similar tests on 
more finely crushed portions it is possible to determine 
the proportion of gold which is free, the proportion 
which is intimately associated with the sulphides, the 
proportion which is intimately associated with the 
gangue particles and the proportion which is in an ex- 
tremely finely divided condition and associated with the 
slime. 

With silver ores a similar series of tests can be made 
and the distribution of silver minerals determined. In 
the case of sulphide silver ores amalgamation is not 
satisfactory. With oxidized silver ores the concentra- 
tion test is apt to be unsatisfactory. With cinnabar 
ores and ores where the valuable mineral is in very small 
bulk and finely divided the concentration test can be 
applied if the difference between the specific gravities 
of the gangue and valuable mineral is marked. The 
test has the somewhat objectionable feature that differ- 
ent results are obtained with the same material where 
it has been crushed to different sizes. This is due to 
the fact that the valuable mineral is liberated to a dif- 
ferent degree with each crushing. The proportion of 
valuable mineral slimed is increased also with increased 
fineness of crushing. By running parallel tests on three 
portions, each crushed to a different degree of fineness, 
results of sufficient value can be determined. 

The products of each test should be examined with 
the microscope. The concentrate will show whether the 
silver or other valuable mineral has been separated in 
part from the other heavy mineral or not. The sand 
portions will show whether mineral is conspicuously 
locked up in the gangue grains. The microscopic ex- 
amination of the slime portion usually is not satisfac 
tory on account of the difficulty of differentiation. The 
microscopic examination is qualitative only; the assay 
of the portions gives the quantitative results. Minera! 
associations are determined directly from the micro- 
scopic examination, and indirectly from the comparison 
of parallel tests on different portions, in each of which 
the degree of liberation of the mineral particles is 
different. 

Use of Solvents 


Solvents can in some instances be applied advan- 
tageously to the examination of gold and silver ores 
The solvents are solutions of potassium cyanide, nitri: 
acid, nitrohydrochloric acid and hyposulphite of soda. 
The results which can be obtained by their use will be 
Crush 4 


better understood by considering examples. 
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portion of the sample to a 40-mesh screen size. Thor- 
oughly agitate it for from twelve to twenty-four hours 
with a strong cyanide solution, say, 2 per cent. Then 
throw the mixture on a filter and wash the residues 
thoroughly. Dry and assay the residue. The difference 
in assay values will represent the amount of soluble gold 
which has been liberated in crushing. Gold tellurides 
are not soluble in cyanide solutions, and if these be 
present a different procedure is advisable. The residue 
obtained after the use of the cyanide solution is trans- 
ferred to a roasting dish and cautiously roasted in the 
muffle. It is then treated a second time with a cyanide 
solution and after washing is assayed. By determining 
the gold in the cyanide solutions the result of the test is: 
Weight of gold in final residue or unliberated gold; 
weight of gold liberated by roasting; weight of gold 
soluble in cyanide solution and liberated by crushing. 
By repeating the test on portions crushed to different 
sizes the relation between the degree of crushing and 
the degree of liberation of the gold can be determined. 

If a silver ore is to be tested, in which the silver 
minerals present are cerargyrite and argentite the pro- 
cedure is as follows: Agitate a known weight of the 
ore which has been crushed to a 40-mesh size with a 
1 to 4 solution of sodium hyposulphite for twenty-four 
hours. Throw on a filter and thoroughly wash. Digest 
the residue with nitric acid, using the concentrated 
acid and boiling for at least an hour. Dilute, filter and 
wash and assay the residue for silver. The silver in 
the nitric acid solution can be precipitated by sodium 
chloride, filtered out and determined by fire assay or 
wet methods. The results obtained are: Weight and 
proportion of silver present as silver chloride; weight 
and proportion of silver present as silver sulphide; 
weight and proportion of silver not liberated. 

Solubility tests are of value in indirectly determining 
the nature of the valuable compounds present where 
they cannot readily be identified by direct methods. Ob- 
viously they are more or less limited in their application 
and obviously the results are sometimes open to 
question. 

Use of Heavy Solutions 


This method of separating associated minerals is un- 
fortunately of very limited application for ore examina- 
tion. Most ore minerals have a high specific gravity, 
and while it is possible to separate the greater number 


of gangue minerals from the ore minerals, the separa- 


tion of one ore mineral from another is the principal 
difficulty. The solutions which can be used are: Solu- 
tion of potassium and mercuric iodides which gives a 
maximum specific gravity of 3.19. A solution of thal- 
llum mercuro-nitrate which gives a maximum specific 
gravity of 5.3 at 76 deg. C. A solution of zinc chloride 
which gives a maximum specific gravity of about 2. 
The first solution could be used to separate heavy 
from light minerals or a light from a heavy gangue 
mineral. The second solution would apply to a large 
number of miscellaneous minerals, but the heavy min- 
erals of gold, silver and copper, zinc and lead would 
not admit of separation. The third solution is used 
tor separating dirt, pyrite, rock, etc., from coal. The use 
of heavy solutions is a last resort. If the direct meth- 
ods of observation and chemical analysis and the in- 
direct methods of determining solubilities fail to give 
satisfactory results, then try the heavy solution. 


Conclusion 


If the physical and chemical nature of an ore is un- 
derstood, and if the nature and association of the min- 
erals constituting the ore are known, then the method 
Or methods of treatment can be decided upon. The 
limitations of ore-dressing, solution and smelting 


methods from the economic, mechanical, physical and 
chemical standpoints are fairly well established. The 
mechanical appliances for drying, crushing, sizing, clas- 
sification, concentration, sorting, washing, dewatering, 
filtration, magnetic separation, etc., have reached a high 
state of development. Mechanical appliances for convey- 
ing, elevating and excavating are available. Many ex- 
amples of the arrangements of mills and reduction plants 
are to be found in technical publications. The metallur- 
gist thus marshals three lines of thought, the ore, the 
fundamental steps in the treatment, and the mechanical 
appliances necessary to carry these out. 

While a detailed study of the ore is essential it is 
not necessary in every case to carry out the general 
method described. The experienced metallurgist will 
know where the line can be drawn and can save him- 
self unnecessary work. In addition certain tests are 
applied without, or with very limited, preliminary ore 
studies, and if favorable results are obtained the in- 
formation may be sufficient to decide upon a method of 
treatment. Confirmatory tests are also carried out. 
These are first performed upon a small scale, and then 
the most successful repeated upon as large a scale as 
the available apparatus permits. Mill runs are often 
used for the determination of the details neces- 
sary for the design of the ore-treatment plant. They 
serve the additional purpose of confirming the studies 
and deductions of the metallurgist. 


Golden, Colo 





The Ostwald Process of Oxidizing Ammonia 
to Nitric Acid 


BY FRED C. ZEISBERG 

Within the past year a great deal of interest has been 
shown in the “nitrogen problem” and considerable agi- 
tation has been rife with respect to making the United 
States independent of foreign supplies of nitrates in 
the event of war. One phase of this nitrogen problem 
is the catalytic oxidation of ammonia. The following 
article collects practically everything which has ap- 
peared in the literature concerning this process. It 
does not claim to present anything new, but simply aims 
to bring into a condensed and rational form the various 
references which have appeared from time to time. 

The process of oxidizing ammonia to nitric acid is 
commonly known as the Ostwald process, not because 
this process was invented by Wilhelm Ostwald, but be- 
cause the problem of the catalytic oxidation of ammonia 
was first attacked by him in a scientific manner and 
solved so successfully that this reaction could be used 
on the commercial scale. In the following pages all 
processes of oxidizing ammonia catalytically, and there 
are several of them, will be treated under the general 
head of the “Ostwald Process.” 

As early as 1839 Kuhlman’ found that ammonia could 
be oxidized to nitric acid in the presence of catalytic 
agents. He mentions Cu, Fe, Ni, Pt and even Cu(OH).. 
Motay*® mentions the use of lead manganate and per- 
manganate, sodium manganate and lead chromate. In 
1891 Warren obtained ammonium nitrite when ammonia 
and oxygen were passed over platinized asbestos at a 
dull red heat. Marston, in 1900, secured nitric com- 
pounds by passing the gaseous mixture over hot copper 
and other similar contact bodies. 

That ammonia could be oxidized with ease was then 
well understood when Ostwald took up the study of the 
reaction in 1900. He discovered the conditions under 
which the reaction proceeded, and on the laboratory 
scale could easily obtain a yield, as HNO, on the NH, 





tAnnalen der Chemie, 1839, 29, 281. 
*Berichte der Deutschen Chemischen Gesellschaft, 1871, 4, 891 
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Platinized platinum, 1.e., 
smooth platinum roughened by depositing upon it a 


taken, of over 85 per cent. 


thin layer of platinum sponge, was found the best 
catalyser, platinum black or sponge alone proving far 
too active. It was also found that only a thin layer of 
the catalyst worked best and that the gas mixture must 
be passed over the catalyst at a high velocity. A thick 
layer of catalyser or a low gas velocity caused the HNO, 
already formed to break down further into elementary 
nitrogen and water. 

Having perfected the mechanical details of his process, 
Professor Ostwald, in 1902, applied for patents in the 
principal countries of Europe and in the United States. 
Because of prior publication of the essential features 
as scientific facts no patent was allowed in Germany. 
French Patent No. 317,544, English Patent No. 698 of 
1902, Swiss Patent No. 25,881 and U. S. Patent No. 
858,904, dated July 2, 1907, were allowed, however. The 
latter patent mentions the use, as catalysers, of palla- 
dium, iridium, rhodium, the oxides, especially the higher 
ones of manganese, lead, silver, copper, chromium, 
nickel, cobalt, vanadium and molybdenum; though plati- 
num is best. The contact mass is heated to 300 deg. C., 
and the heat of the reaction then maintains it at the 
proper temperature. It is necessary to pass the gas at 
such a rate that a slight increase in rate would result 
in the appearance of unconverted ammonia in the exit 
gases, otherwise the yield will suffer. One of the claims 
also mentions a heat exchanger, whereby the heat of 
the exit gas is given up to the entering gases. 

In 1909 a factory was built at Gerthe, near Bochum, 
Westphalia, with an annual production of 2400 tons of 
53 per cent nitric acid. According to Norton’ the op- 
eration of this factory has been very successful. A 
private communication states that from January, 1911 
to August, 1912, this plant obtained an efficiency of 89.6 
per cent on a monthly production of 130 tons of am- 
monium nitrate. The efficiency of conversion was 83 
per cent and the efficiency of the absorption was 97 
per cent. This plant operates on coal-tar ammonia, 
which is interesting in view of statements recently 
made in the literature that nothing but ammonia made 
from cyanamid was suitable in an oxidation process. 
Commercially, this factory is understood to have been 
a success. 

According to another article‘ the above factory makes 
2000 tons of ammonium nitrate per annum. This prod- 
uct has never appeared on the market, so it is pre- 
sumably taken by the German government. In 1912 and 
in 1913 this company paid 8 per cent dividends to its 
stockholders. 

In 1910 the process was purchased by the Nitrates 
Products Co., Ltd., London, who took over the Gerthe 
plant. This company was promoted’ by Mr. A. S. 
Barton and reorganized under the name of the Nitro- 
gen Products & Carbide Co. and is capitalized’ at 
£2,000,000. A new plant was erected at Vilvorde, Bel- 
gium, which produced 40 to 50 per cent nitric acid, 
higher strengths being produced by concentrating with 
sulphuric acid. Nitrates, Ltd., built cyanamid works at 
Alby, Sweden, and Notodden, Norway. In addition it 
expects to develop 400,000 horsepower in Iceland at the 
Ditterfoss, and three additional water power sites in 
Norway to produce a total of 600,000 horsepower. Re- 
cent articles" indicate that the present name of this com- 
pany is the Nitrogen Products & Carbide Company, and 
that their finances have been considerably mismanaged, 


: , ~~. Agents Series No. 52, U. S. Dept. of Commerce and 
zabdor 

‘Electrical Review (London). 1911, 69, 531 

‘Chemical Trade Journal & Chemical Engineer, 1915, LVI. 553 
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so that it has been necessary to assess the stockholders. 
No nitric acid is being made by them at the present 
time, their only factory, at Vilvorde, Belgium, being 
in the hands of the Germans. 

A more recent article’ states that the experience of 
countries other than Germany and Belgium has been 
very unfavorable as regards the Ostwald process, and 
that it is doubtful whether a single Ostwald plant is 
now in use outside of Germany. 

The fact that no patent protection exists in Germany 
results in the greatest secrecy being observed in con- 
nection with the details of the process, and it is prac- 
tically impossible to find statements of much value in 
the literature. This is especially true since the out- 
break of the European war, no articles of any authori- 
tative nature having been published recently. 

The original converters were so constructed that an 
exchange of heat occurred between the incoming gas 
and the outgoing gas. This served not only to keep 
the catalyser at the proper temperature of 300 deg. C., 
because of the strongly exothermic character of the re- 
action NH 20, HNO, + HO, in which ninety- 
seven calories are evolved”, but also served to regulate 
this temperature, even with considerable variations in 
the rate of gas flow. The thickness of the catalyzer 
layer and the gas velocity are so chosen that the time 
of contact between the two does not exceed one one- 
hundredth of a second.” 

The proportions between the NH, and the air can be 
varied considerably. If an excess of NH, is used am- 
monium nitrate is the end product. If the NH, and air 
are so proportioned that the relation is that shown in 
the equation NH 20. HNO, H,O, and no water 
is dripped on the absorption towers, the maximum 
strength of nitric acid theoretically obtainable is 77.8 


per cent. Ostwald himself” states that no less air 
should be used than represented by the equation 
2NH 70 2 NO, +3 H,.O. In this case passing 


the gases very rapidly would result in obtaining a mix- 
ture of ammonium nitrate and ammonium nitrite in the 
exit gases. 

According to Camille Matignon” the above equations 
do not represent the reaction correctly, as at the tem- 
perature of the reaction neither NO, nor HNO, can 
exist. The equation should hence be written 2 NH, 
50 2NO + 3H,0. Of course, if an excess of air 
is used the NO would readily be oxidized to NO, as 
soon as the temperature is sufficiently reduced. This 
process of oxidation begins as soon as the temperature 
drops below 600 deg. C., but cannot become complete 
until the temperature drops to 140 deg. C.“ At this 
lower temperature, moreover, the reaction velocity is 
very low, so that an appreciable time must elapse until 
the reaction becomes complete. 

Apparently the only diagram of a converter ever 
published is one recently appearing” in an abstract of 
an article by G. Schiiphaus in Metall und Erz, 1916, 
Vol. XIII, 21. In this converter the catalyzer is a 
platinum gauze, electrically heated to 700 deg. C. The 
gases enter below and pass upward through the gauze 
no heat exchange being effected. At this temperatur: 
the conversion is almost quantitative, steam and nitri: 
oxid (NO) being the end products, which would indi 
cate that the reaction equation is 4NH, + 50, 

NO + 6H,0. 

To keep the gauze heated, electricity is supplied at 2 

volts and 135 amp., viz., 3.375 kw. No definite state 





*Scientific American Supplement, Sept. 25, 1915. 
“Electrochemical and Metallurgical Industry, 1906, IV, 137. 
"LU. K. Patent No. 8300 of 1902. 
“U. S. Patent No. 858904. 
“Chemical Trade Journal & Chemical Engineer, 1914, LIV, 17 
: ee American Electrochemical Society, 1909, Oct. * 
9, 30. 
“Metallurgical & Chemical Engineering, 1916, XIV, 425. 
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ment is made as to the capacity of a converter, but 
judging from a description, included in the article, of 
an ammonia gas purifying apparatus connected with 
the factory, three converters handle from 125 to 1250 
kg. of NH, per day. Hence one converter can probably 
handle about 240 kg. per day or 10 kg. per hour. Since 
at 85 per cent conversion, 10 kg. of NH, will make 31.5 
kg. of HNO, 100 kg. of HNO, will require about 10.75 
kw.-hr. to keep the catalyzer hot. 

The amount of platinum necessary to effect the con- 
version is about 47 grams per 100 kg. of HNO, per 
twenty-four hours.” The platinum loss due to wear 
and tear is about 3 per cent per month, and the ele- 
ments have to be completely renewed once a month. 
Since fairly high prices can be obtained for platinum 
scrap the cost of renewal is the cost of supplying the 
platinum due to loss and the cost of exchanging the 
scrap platinum for new platinum. 

It has not been found possible to ascertain the dimen- 
sions of a converter, but what information is available 
would point to the use of only small converting units, 
containing perhaps not more than 50 grams platinum 
per unit. The converters are built of iron up to the 
contact element, and beyond this of iron lined with 
aluminium. According to a patent’ to Ostwald (Ger- 
man No. 207,154) nickel steel is not attacked by hot, 
nitrous gases and it can hence be used in place of 
aluminium-lined iron. At a point far enough away 
from the converter for condensation to occur, the gas 
lines must be made of an acid-resisting material, such 
as chemical-ware. 

Since this process is a catalytic one, it suffers from 
the disadvantages of all catalytic processes, namely, the 
contact substance is “poisoned” by certain substances, 
which must be very carefully removed from the en- 
trance gas by a suitable purification treatment. It is 
presumably for this reason that statements have ap- 
peared to the effect that only ammonia from cyanamid 
is suitable for this process, and that ammonia from 
coal tar, even when carefully purified, is likely to cause 
trouble by poisoning. An interesting bit of informa- 
tion from the other side is that the Oesterreichische 
Verein fiir Chemische und Metallurgische Production” 
has patented (German Patent 276,720), a process of 
purifying ammonia from cyanamid with caustic alkali 
and earth alkali solutions. When this was not done it 
was found that despite a careful filtration of the gas, 
to remove dust, the platinum contact elements became 
brittle and covered with a coating of silicic acid, after 
being in use only a short time. This was due to the 
presence in the gas of silicon, phosphine and acetylene. 

To show that considerable work has been done on 
the oxidation of ammonia by investigators other than 
Ostwald, there are shown below several patents. Thus 
frank and Caro (German Patent No. 224,329), pro- 
pose the use of thorium oxid, or thorium oxid in com- 
bination with the oxids of other rare metals. 

Fr. Baeyer & Co. of Elberfeld (German Patent No. 

68,272), use cupric oxid, ferric oxid, etc. A current 
of air containing 4 to 5 per cent NH, is passed over 
the ecatalyzer heated to 600-750 deg. C. Above 650 deg. 
the NH, is converted into N,O, exclusively. 

Jones, Morton & Terziev (U. S. Patent No. 1,037,261) 
use the plumbates of magnesium, zinc, aluminium or 
cadmium, heated to 700-750 deg. C. The conversion to 
N_O, is practically complete and the heat of reaction is 
sufficient to maintain the catalyzer temperature with 
but little pre-heating of the gases. 

Rohmer (U. S. Patent No. 1,096,392, assigned to 
Farbewerke vormals Meister, Lucius und Briining), 


“Scientific American Supplement, Sept. 13, 1913, 162. ’ 
Journal of the Society of Chemical Industry, 1909, XXVIII, 365. 
“Die Chemiker Zeitung, 1915, 848. 


patents the addition of only sufficient air to NH, so 
that the hydrogen of the ammonia removes all the oxy- 
gen of the air. The exit gases contain then only nitro- 
gen, steam and oxids of nitrogen. By removing the 
two latter by condensation, pure nitrogen, available for 
the manufacture of ammonia by synthesis, is left. This 
corresponds to French Patent No. 453,845. 

Schick (U. S. Patent No. 971,149, assigned to Chem- 
ische Fabrik Griesheim Elektron) patents the manu- 
facture of a catalyzer suitable for causing the oxidation 
of ammonia. Tile is dipped in a platinum chlorid solu- 
tion, dried and heated, causing the deposition of plati- 
num black. The tile is then baked, causing the platinum 
to collect in minute globules. This catalyzer is claimed 
to retain its efficacy much longer than the platinized 
platinum recommended by Ostwald. 

The above list does not claim to be complete. It is 
inserted simply to show that there are many investi- 
gators working on this particular problem. It is prob- 
able that of the processes mentioned above, the one of 
Frank and Caro has been developed to the greatest ex- 
tent. Thus, Frank S. Washburn”, president of the 
American Cyanamid Company, states that there has 
recently been developed a new process for the oxidation 
of ammonia, which does away with the limitations of 
the Ostwald process. The units can be made large or 
small and their cost is rather low.” 

It is reported” that the Frank and Caro process of 
oxidizing ammonia has been developed in Germany to 
the extent of producing nitric acid at the rate of 120,- 
000 tons per annum. The guaranteed efficiencies of 
two of the processes are from 90-95 per cent. An 
English company (Nitrates, Ltd.), is establishing 
cyanamid nitric acid factories throughout the allied 
countries of Europe and guaranteeing an efficiency of 
90 per cent. It thus appears that commercially the 
oxidation of ammonia has proved successful and that 
it may be considered to be a well-established industry. 

Regarding the cost of the process, only one detailed 
estimate of cost has been encountered in the literature. 
This is an abstract” from the Iron and Coal Trades 
Review (London) of May 23, 1913, containing a com- 
plete estimate of the cost of a small English factory 
for making nitric acid out of ammonia liquor. 

Below is given a revision of this estimate based on 
American conditions, and considered only from the 
standpoint of conversion cost, i.e., it is assumed that a 
supply of pure ammonia gas is already available. 

In this estimate it is assumed that there are thirty 
converters in one building and that in a separate build- 
ing is the absorption and condensing apparatus, con- 
sisting of five absorption towers 60 ft. high. Three 
coolers and one storage tank are used in supplying acid 
to each tower. The necessary pans, montejus, compres- 
sors, etc., are all included. It is further assumed that 
each converter unit produces 200 kg. of 36 deg. (53 
per cent) nitric acid per day and that the total output 
per month is 148.4 tons of 53 per cent nitric acid = 
78.7 tons HNO, = 173,500 lb. HNO.. 








Plant for conversion (converters) .............ccccceecees $5,000 
Condensing and absorption plant...............cccececees 17,500 
Foundations for towers and iron work................65- 5,000 
BD ES is okies eek oo e 6 CRE 0 bd 6044 cheeses de 750 
rr rr rr re ic tn ekire ts eb ea cke dee ta eweaes & 3,000 
cg Soe aulwiee deo 8 bbe ens eee 2,500 
ee oct oth ehaeeeener a eee o6bé00s 008 10,000 
Se ED Gicaeadiceh vce nevesbodwscedacesecnvcs 3,750 

Es ha ea ebb eS SEO oRE Oss Pe eee AEs 00444 e4s eRe Se $47,500 


The running expenses are: 
Power.—For lifting the liquid in the absorber house 


“Metallurgical and Chemical Engineering, 1915, XIII, 218. 

Transaction of the American Electrochemical Society, 1915, 
XXVITI, 385. 

“Metallurgical and Chemical Engineering, 1916, XIV, 418. 

Scientific American Supplement, Sept. 13, 1913, 162. 

“This is equivalent to $51.80 per troy ounce. 
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and for direct air pressure, 12 to 15 horsepower, and 
for running a fan 5 additional horsepower, say 20 
horsepower altogether. This means 14,400 horsepower 
hours per month (30 days) and at 2.5c. per horsepower- 
hour, the power would cost $360. 

Platinum.—For the whole plant thirty contact ele- 
ments, weighing 50 grams each are required. The to- 
tal wear and tear may be estimated at 1.5 grams per 
day or 45 grams per month. The contact elements can 
be used a month or six weeks, after which they must 
be scrapped as old metal and replaced with new. This 
exchange can be made for about 6 cents per gram. As- 
suming an exchange once per month, the cost of ex- 
changing the 1455 grams would be $87.30, and the cost 
of replacing the 45 grams lost would be $75.00, a total 
monthly expenditure for platinum of $162.30. 

Wages.—For superintending and operating valves 
two men are sufficient per shift; for cleaning, a third 
man is required (original article). In larger installa- 
tions it is assumed that these three men could care for 
twice as much apparatus. Assuming the foreman would 
get 45 cents, his helper 35 cents, and the cleaner 30 
cents per hour, the labor cost would be $396.00 per 
month on the three-shift basis. A superintendent at 
$150 per month could easily look after a plant four 
times the size. 

The monthly expenditures would then be: 
lower $560.00 
Platinun 162.30 
Wages 396.00 
Repairs 125.00 


Superintendenc: IT 50 
Interest and deprecation at lo per cent per annut 94.50 


This makes the cost of conversion 0.965 cent per pound 
HNO.. 

The original investment cost per metric ton of HNO 
per year is hence $50.30 for the converting and absorp 
tion apparatus and the conversion cost, including inter 
est and depreciation as shown above, is $21.30 per 
metric ton. In applying the above figure the cost of 
the ammonia necessary to make a ton of HNO, would 
have to be added to the conversion cost. Thus, with 
ammonia at 7.5 cents per pound the cost of HNO. per 
metric ton would be, on the basis of an 85 per cent 
conversion, $52.50 for NH $21.30 for conversion or 
a total of $73.80 per metric ton of HNO.. It should be 
remembered that this is for HNO, in the form of 36 
deg. Baume or 53 per cent nitric acid. 

To see how the above costs compare with the costs 
obtained by other estimators or with other processes, it 
might be mentioned that an original investment cost 
of $50.20 and a conversion cost of $23.50 per metric 
ton of nitric acid per annum were assumed by O. Dief- 
fenbach.“ In his estimate he assumed 10 per cent in- 
terest on the capital investment. This same calcula- 
tion gives the cost of concentrating HNO, from 53 per 
cent to 93 per cent as $12.43 per metric ton of HNO 
or 0.563 cent per pound HNO.. 

From another source” the original investment cost 
is $51.90 and the conversion cost is $28.10 per short 
ton, which is equivalent to $57.20 for the original in- 
vestment and $31.00 for the conversion cost per metric 
ton of HNO, as 53 per cent acid. The above estimate 
and the one in the preceding paragraph, as well as the 
detailed estimate on page 13, are for small plants. For 
large plants the article in the Chemical Trade Journal 
gives an original investment cost of $53.30 per short 
ton and a conversion cost of $35.65 per short ton, which 
is equivalent to $58.80 for the investment cost and 
$39.30 for the conversion cost per metric ton of HNO,, 


‘Die Chemische Industrie, 1914, 265 
=(hemical Trade Journal and Chemical Engineer, 1914, 283. 
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as concentrated acid. Some additional figures given in 
this same article would indicate that the investment 
cost, when making 53 per cent HNO, in large plants, 
would be $37.40 and the conversion cost $21.20 per 
metric ton of HNO,. This would give a concentrating 
cost of $14.45 per metric ton of HNO. or 0.656 cent per 
pound HNO.. 

Washburn states” that “roughly speaking and with 
power at $10.00 per horsepower year there is to the 
credit of ammonia from cyanamid about half the cost 
of weak nitric acid made by the arc process, available 
for oxidizing the ammonia to nitric acid. The indica- 
tions are that the cost will not amount to more than 
half this difference.” With power at $10.00 per horse- 
power year, a metric ton of HNO, made by the arc 
process and in the form of 53 per cent acid would cost 
about $50.00, which, according to the above statement, 
would make the conversion cost from $12.00 to $15.00 
per metric ton of HNO.. This estimate should be re- 
garded conservatively, however, as it is based only on 
general statements. 

Summarizing the above estimates, we obtain the fol- 
lowing table in which the figures under (a) refer to 
small plants and those under (>) to large plants: 


Per Metric Ton Scientifi Chen 
of 2205 Lbs. of Amer Dieffen Trace Wash 
100 Per Cent HNO Suppl bach Journal burn 
Investment cost $50.30 $50.20 (a)$57.2 
ib) 37.40 
Conversion cost to 53 per (a) 31.00 
cent acid 21.30 23.50 (b) 21.20 $12-$1 
Concentrating cost 12.43 b) 14.4 
Conversion cost to 93 per 
cent acid 5.93 ib) 39.3 


Conversion cost to $3 per 
cent acid per Ib. 100 per 
cent HNO;..... 
There is a fair amount of agreement among the first 

three estimates, but the estimate of Washburn 
much lower that it should be regarded with reserve, es- 
pecially when it is considered that it is only a general 
statement upon which the estimate is based. On the 
other hand, it must be remembered that this process 
has made immense advances in Germany very recently, 
and as Washburn’s statement was made at least a vear 
later than the appearance of the other estimates, it is 
quite likely that this process can be carried out more 
cheaply than the older estimates would indicate. 

The true figure probably lies somewhere between the 
two, t.e., the conversion cost is probably about $18 per 
metric ton of HNO, in the form of 53 per cent acid, or 
0.816 cent per pound HNO. To this must be added 
the cost of the ammonia and the cost of concentrating 
the acid to 93 per cent. Even with ammonia at 5 cents 
per pound and a conversion of 85 per cent, the am- 
monia would cost 1.587 cent per pound HNO, and the 
concentrating cost would hardly be less than 0.375 cent; 
so that HNO, in the form of 93 per cent acid, could 
hardly cost less than 2.778 cents per pound by the Ost- 
wald process. 

The question of the profitableness of the Ostwald 
process, on the basis of the above figures, depends on 
several considerations. The price of ammonia is gov 
erned by the price of sodium nitrate, the prices of these 
two substances always being approximately equal whe! 
calculated to a basis of their nitrogen content. If it 
costs less to convert ammonia to nitric acid than i‘ 
does to convert soda to nitric acid, it will naturall) 
be more profitable to use the Ostwald process than th« 
present process. In this conversion the cost of sul 
phuric acid must be included in the latter process. But, 
consideration must also be given the fact that the yields 
with the two processes are different, that with the Ost 


is so 


“Transactions American Electrochemical Society, 1915, XXVI), 
385. 

“This becomes $58.80 when the concentrating apparatus is 
included 
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wald being usually taken as 85 per cent, that with the 
present process at 97 per cent. Therefore, in order to 
break even and with equal cost of nitrogen in the raw 
products, the Ostwald process must be capable of con- 
verting its raw product into nitric acid more cheaply 
than the present process in order to take care of the 
greater amount of nitrogen lost in the conversion, and 
the difference in conversion costs must hence be greater 
the higher the initial cost of the nitrogen. 

The cost of conversion by the Ostwald process, 93 
per cent nitric acid being the end product, we have 
seen could hardly be less than 1.191 cent per pound 
HNO. The cost of nitric acid made from nitrate of 
soda is probably at least 1.75 cents per pound for labor, 
repairs, etc., and sulphuric acid. The cost for nitrogen, 
with nitrate of soda at 2.64 cents per pound, would be 
3.750 cents for the retort method and 97 85 of this 
or 4.280 cents for the Ostwald process per pound HNO.. 
These figures are arrived at by assuming that 1.42 lb. 
of nitrate of soda are used per pound 100 per cent 
HNO., which is about the case with a yield of 97 per 
cent; 1.42 « 2.64 3.75 and 97 85 of 3.75 4.28 
cents. If nitrate of soda should fall to 1.5 cent per 
pound, below which it is hardly conceivable it could 
ever go, the nitrogen cost per pound HNO. would be 
1.42 « 1.5 2.13 cents for the retort process and 
97 85 & 2.13 2.43 cents for the Ostwald process. 

We would then have: 


Ostwald Retort 


Nitrate of soda at 2.64 NH, at 13%, 
Cost of conversion 1.191 1.750 
Nitrogen cost 1280 3.750 
Total cost 471 5.500 
Nitrate of soda at 1.5c., NH, at 7 
“ost of conversio! 1.191 1.750 
Nitrogen cost 2.450 2.130 
Total cost 1.621 + SSO 


From these figures it can be seen that with the pres- 
ent price of nitrate of soda the Ostwald process can 
make nitric acid for only a fraction of a per cent less 
than the retort process. If the price of nitrate of soda 
decreases, however, and with it the price of ammonia, 
the Ostwald process becomes increasingly more prof- 
itable. With nitrate of soda at 1.5 cent per pound the 
cost of the Ostwald process for making nitric acid 
would be 93 per cent of the cost of making it by the 
retort process. 

It is a little difficult, at first, to see why the Ostwald 
process should not be profitable now, using by-product 
ammonia, which can certainly be produced for less than 
13% cents, the ammonia price corresponding to a 
nitrate of soda price of 2.64 cents per pound. A little 
consideration will show, however, that it is much more 
to the producer’s advantage to sell his by-product am- 
monia for 131% cents than to convert it into nitric acid 
to be sold at only a very slight advance over this price. 

It is also a little difficult to see why the Ostwald 
process should be increasingly more profitable as the 
nitrate of soda price falls. The reason is that as the 
nitrate of soda price falls the ammonia price falls cor- 
respondingly. The conversion cost remains the same 
with both processes, however, being approximately a 
half cent per pound of HNO, higher with the retort 
process. At the present price of nitrate of soda this 
difference is neutralized by the larger amount of raw 
material needed by the Ostwald process on account of 
its lower conversion yield. As the cost of the raw ma- 
terial falls, however, the raw material makes up an in- 
creasingly smaller proportion of the total cost, so that 
the higher conversion cost of the retort process begins 
to influence more and more the total cost. 

The figures obtained in the foregoing estimate do 
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not agree very well with the statement of Washburn” 
that the cost of making nitric acid from ammonia in 
Europe at the present time is about 70 per cent of the 
cost of making it from soda, even though his statement 
is based on a 90 per cent conversion for the contact 
process. Of course, it is unknown whether the above 
statement refers to normal conditions in Europe, or 
the present abnormal ones. 

Regarding the advantages and disadvantages of the 
Ostwald process, they seem to sum up as follows: 

Advantages.—The process is continuous, which 
makes for a maximum return from the investment. It 
is capable of installation in small units, which makes 
tor flexibility in operation. The exit gases from the 
converters are several times as concentrated as those 
from any are furnace, which allows of enormously cut- 
ting down the size of the absorption apparatus. The 
raw product, ammonia, is easily obtainable in the Uni- 
ted States, making us independent of foreign supplies 
in case of war. The power costs are very low, hence 
the plant could be located almost anywhere. 

Disadvantages.—lIt is only a step and not a complete 
process, hence the plant would have to be located with 
respect to economy of freight on incoming supplies, 
either cyanamid or ammonia liquor. It is hardly prof- 
itable unless the cost of ammonia drops to a figure that 
is improbably low. 

Conclusion.—So far as information is available it 
would hence appear that the Ostwald process, and this 
term is meant to include all processes of the catalytic 
oxidation of ammonia, is hardly in a position to compete 
with even the present process of manufacturing nitric 
acid from nitrate of soda. Even with a considerable 
reduction in the price of ammonia the possible profit 
is so small and the reliability of the figures on which 
the cost estimates are based is so problematical that it 
would seem a rather doubtful proposition to entertain 

It should be remembered that the foregoing reason- 
ing is based on a yield of only 85 per cent for the Ost- 
wald process. If it could be possible, for example, to 
raise the yield to 97 per cent, the yield usually ob- 
tained by the retort process, the Ostwald process could 
produce nitric acid for about a half cent per pound less 
than the retort process. There is no general informa- 
tion available at present, however, which would indi- 
cate that the conversion efficiency of the Ostwald proc 
ess is much in excess of the 85 per cent used through- 
out this paper. 

When it comes to comparing the cost of nitric acid 
made by the Ostwald process with the cost of nitric acid 
made by the are process, relatively accurate figures for 
which are available in the literature, the cost by the 
Ostwald process is seen to be so high that there is little 
use giving it further consideration. 

It should be emphasized again, however, that due to 
the secrecy observed in the country where the process 
was evolved, with respect to making public the details 
of the process, the information obtainefi from the lit- 
erature cannot be credited to too great an extent. This 
information is the best we have at hand, however, at 
the present time. After the cessation of hostilities in 
Europe it may come to light that the Germans have per- 
fected and cheapened this process to such an extent 
that it might prove worth considering, for installation 
in small units at isolated points. It seems very un- 
likely, however, that it can ever be cheapened to an 
extent where it can compete on the large scale with 
nitric acid by the are process, unless a much better 
yield of ammonia can be obtained than seems to be 
the case at the present time. Ammonia will always be 
too valuable per se, to consider making cyanamid, how- 
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ever cheaply, for the sole purpose of converting it to 
nitric acid. 

There is appended a bibliography which collects the 
references given throughout the text, and in addition 
gives several other references which were not directly 
referred to. Some of these are only short notices, 
others long articles giving much detailed and general 
information, but all have a bearing on the process un- 
der consideration. This list is not by any means com- 
plete, but the compiler believes that no important ref- 
erence in any of the more well-known journals has been 
overlooked. 


Wilmington, Del 


Utilization of Atmospheric Nitrogen—Thomas H. Norton, Special 
Agents Series No. 52, Dept. of Commerce and Labor, 1912 

Salpeter und sein Ersatz—Konrad W. Jurisch S. Hirzel, Leip- 
zig, 1908 

Die Oxydation des Ammoniaks zu Salpetersiiure und Salpetriger 
Siure—-Ed,. Donath and A. Indra Ferdinand Enke, Stuttgart 
1913 

The Facts in the Nitrogen Case Now Before Congress—Frank 
S. Washburn, 1916. A pamphlet issued for private circulation 

Dictionary of Applied Chemistry—Edward Thorpe, 1912, p. 691 

Annalen der Chemie, 1839, 281 

Berichte der Deutschen Chemischen Gesellschaft, 1871, 891 

Chemical Engineer, 1915, 337 

Chemische Industrie, 1914, 265 

Chemical Trade Journal and Chemical Engineer, 1914, LIV, 60, 
68, 155, 179, 283, 288; 1915, LV 45, 553: 1915, LVII, 26 


Che misch Technisches Repertorium, 1913, 378 
Chemiker Zeitung 1914, 1015, 1915, 848 
Electrical Review (London), 1911, 531 
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ADDENDUM 

Since the above article was written two patents have 
appeared (U. S. 1,193,796 and 1,193,797) which might 
be construed to alter somewhat the reasoning expressed 
in the conclusions. These patents deal with the oxida- 
tion of ammonia and claim to obtain a 95 per cent con- 
version. Their novelty lies in the cooling of the am- 
monia-air mixture up until the very time it comes in 
contact with the hot catalyser, in distinction to the 
principle of heat exchange mentioned in Ostwald’s orig- 
inal U. S. patent. Because no heat is carried to the 
catalyser by the gases it must be heated in some other 
manner, preferably electrically. 

As the claim that a 95 per cent conversion can be ob- 
tained appears only in a patent specification and has 
not yet been substantiated, so far as any information 
available in the literature would indicate, it would seem 
as yet a little too early to assume that these patents 
have any serious bearing on this problem. Later de- 
velopments may show them to be of great importance, 


but time will be required to prove this. 





Western Metallurgical Field 
Company Reports 

Inspiration Copper Company’s report for the year 
1915 states that copper production began in June, 
1915, the first unit of the new mill going into opera- 
tion on June 29. During the last six months of the 
year copper production amounted to 20,445,670 lb., of 
which 20,067,310 lb. was recovered from 778,851 tons 
of ore concentrated and 378,360 lb. from oxide ore 
shipped to smelter. The ore averaged 1.7 per cent 
copper, of which 0.226 per cent was in oxidized form. 
Tailings assayed 0.373 per cent copper, of which 0.18 
per cent was oxidized. Flotation concentrates aver- 
aged 37.63 per cent copper, and table concentrates 
13.12 per cent. The average assay of all concentrates 
made was 32.67 per cent copper, and the percentage 
recovery of all copper was 79.95. Average percentage 
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recovery oi sulphide copper was 88.56. Ratio of con- 
centration was 24.6:1. The following tabulation of 
costs is given for the treatment of 778,851 tons of ore, 
producing 20,067,310 lb. copper. 


Per Lb. Copper Per Ton Ore 


Dt wesncene beans ik ice eee 2.644c. $0.68110 
en Sn “Civsaea we eee deen ce 0.113 02910 
ff  - 2 eeeee ae a 02025 
Concentrating and royalty yrrr 1.889 48675 
Concentrate hauling ... ai .. 0.006 60160 
4.731c $1.21880 

Smelting, freight, refining, marketing, 
GOR ccs veesee . wa 3.455 .76420 
8.136c. $1.98300 


The saving of sulphide mineral by flotation has im- 
proved since the mill first went into commission and 
has not only exceeded the expectations of a year ago, 
but is now better than the average for 1915. For the 
month of February, 1916, the saving of sulphide cop- 
per was 91.1 per cent. Coal tar continues to be used 
as the chief component of the flotation-oil mixture. 
An interesting item in connection with the test mill 
is that it treated 373,705 tons of ore and paid for its 
cost of construction, operating expense, the present 
average cost of mining on ore treated, and left some- 
thing besides. The cost per ton of daily capacity for 
the equipment of the property to mine and mill 14,400 
tons daily is given as $833, of which $625 was for 
equipment of mine and mill, water supply, power, mill 
site, tailing land, railroad, etc., and $208 for advanced 
mining expenditures to prepare for an output of 14,400 
tons per day. Operating costs for mining and milling 
at Inspiration probably will range from $1 to $1.15 per 
ton of ore. 

The annual report of the Hollinger Gold Mines, 
Ltd., is acompanied by a report recommending con- 
solidation of the Hollinger property with those of the 
Acme Gold Mines, Ltd., Millerton Gold Mines, Ltd., 
and Claim No. 13,147 of the Canadian Mining & 
Finance Co., Ltd. During 1915 Hollinger produced 
gold bullion of the value of $3,169,814, an increase of 
$480,459 over the previous year, in spite of the lower 
grade of ore treated, the comparative values per ton 
being $13.67 in 1914 and $10.11 in 1915. Net profits 
amounted to $1,916,467, from which dividends of 52 
per cent were paid amounting to $1,560,000. The sur- 
plus now amounts to $1,478,210. The summary of ore 
feserves shows a gross value Dec. 31, 1915, amounting 
to $16,031,600, nearly three million dollars greater 
than a year previous. The milling record shows the 
treatment of 441,286 tons of ore, of which 334,705 
tons came from the Hollinger and the balance from 
the Acme. Detailed information on the treatment of 
the Hollinger ore follows: Average value per ton 
$10.11; average daily tonnage, 917; stamp duty per 
24 hr. running time, 14.72 tons; value per ton of tail- 
ings, 40 cents; cyanide consumption per ton of ore, 
0.574 lb.; zinc consumption, 0.467; tons solution pre- 
cipitated per ton ore, 1.909; zinc added per ton solu- 
tion, 0.244 lb.; average value pregnant solution, 
$5.074. The cost of milling the Hollinger ore w:s 
$0.999 per ton. Concentrates have been stored for 
treatment, amounting to 9500 tons with a gross goid 
value of $81,763. This material will now be reclaim: d 
as rapidly as possible. Costs for 1916 are expected 0 
increase owing to the advance in cost of supplies, 
ranging from 10 per cent to 500 per cent. 





Steady Demand for Ferromanganese.—There is 2 
steady inquiry for prompt ferromanganese. Forein 
material is quoted at $175 per ton at seaboard. 1|'.- 
mosetic ferromanganese is quoted at $170, with so ie 
“electrolytic” offered at $165 per ton. 
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The Metal Tie-Up in Electrolytic Refining 
BY LAWRENCE ADDICKS 

Most electrolytic refining processes have to compete 
with fire processes which are as a rule less satisfactory 
technically, but which turn out the product in a very 
much shorter time. This slow turn-over imposes heavy 
interest charges on account of the large investment in 
plant which it implies and from the necessity of financ- 
ing the metals in process. The plant investment and 
the amount of metals locked up are closely related to the 
current density employed, but as the power required 
increases nearly as the square of the current density, a 
point is soon reached where the cure is worse than the 
disease. 


Tae_e I 
Normal Electrochemical 
Market Value Equivalent Grams Quotient 
Metal Dollars per lb. per Ampere-hour X 104 
Iron . 0.01 1.04 1 
Lead . 0.04 386 1 
Zinc 0.06 1.22 5 
Copper ‘ 0.15 1.19 13 
Nickel i 0.30 1.09 29 
Silver " 9.00 4,0 232 
Gold cee .. 300.00 2.4 12700 


The case varies greatly with the metal under consid- 
eration, depending upon its electrochemical equivalent 
and market value. Some idea of this variation can be 
obtained from an inspection of Table I, which takes the 
ratio of these two factors as a measure of the relative 
costs. Although this table is inexact in that it ignores 
voltage and other minor factors it shows how in the 
case of lead a handicap has been removed enabling elec- 
trolysis to compete with the best of fire processes, while 
gold is electrolyzed in but few plants not under Gov- 
ernment auspices, where locked values are not of any 
importance. 

The question is somewhat complicated by the fact 
that the bullion being electrolyzed is generally a mix- 
ture of two or more metals, each of which is to be re- 
covered. The refining of blister copper carrying silver 
and gold will serve as an example upon which to base 
further discussion of the problem. 

Copper refining contracts specify certain permissible 
elapsed times for the return of or payment for the 
values in the bullion to be refined, varying from 45 to 
75 days for the copper and from 60 to 90 days for the 
silver and gold. It is evident that the earlier the metals 
can be put on the market the sooner their cash value 
can be put to earning money elsewhere and, therefore, 
that each day that the process locks up the values has 
a definite cash value. This is not greater than 6 per 
cent, however, as the banks consider warehouse cer- 
tificates based on metals in process satisfactory col- 
lateral for loans up to a high percentage of their market 
value in ordinary times. Taking copper at fifteen cents 
a pound, the interest value of a sixty-day refining allow- 
ance is three dollars a ton, and each ton-day costs five 
cents, with corresponding values for the silver and gold 
contents. The cost of refining is made up of operating 
expenses, metal losses and metal interest, and it is the 
purpose of this article to examine the last. 

Metals are tied up in process for three quite different 
reasons which might be stated as commercial, technical, 
and balancing. Commercial policy makes it desirable 
to hold incoming bullion at times before putting it into 
process until certain conditions are fulfilled, such as 
agreement of assays, or such a state of weather as shall 
obviate the necessity of moisture allowance when weigh- 
ing; or fluctuations in the metal market may make it 
advantageous to go to extra operating costs to cut down 
what normally would be considered proper stocks in 


process or delay the purchase of metals lost in process; 
finally it is good policy to endeavor to carry reasonable 
stocks of refined shapes on hand so as to be able to 
adjust shipments to unexpected changes in orders, 
steamer sailings and the like. It is quite reasonable to 
have 10 per cent of the total tie-up in copper due to 
such causes, 

Then we have the values locked up for technical rea- 
sons which may be classified as metals truly in active 
process, metals circulating in slags, etc., metals per- 
manently tied up in furnace bottoms, etc., and metals 
forever lost to be charged into operating costs as metal 
losses. 

Finally there are the stocks of pig, anodes and 
cathodes which it is necessary to carry in order to 
insure smooth, continuous operation regardless of minor 
irregularities in arrival of pig or breakdowns in some 
parts of the process. To these the name of “balancing” 
metals has been given for want of a better term. 

The total metals tied up are, of course, shown by the 
balances due customers on the metal books of the 
plant, but these figures give no data of value in the 
analysis or control of the values. It is also customary 
to take annual physical inventories of metals on hand 
in order to determine accurately the metal losses for 
the preceding year. This indicates the metal tied up 
in each part of the plant but unfortunately in order 
to take a proper inventory without shutting down the 
process it is necessary to introduce temporarily radical 
changes in operation which greatly increase the tie-up. 
It is, therefore, necessary to rely upon a thorough un- 
derstanding of the sources of locked values and of their 
relative importance and a constant scrutiny of condi- 
tions in order to control this important factor in the 
total cost of operating a copper refinery. 


CLASSIFICATION 

Fig. 1 gives a systematic classification of the sources 
of locked values which we shall proceed to take up item 
by item. The items under the heading “Commercial” 
may be dismissed with the arbitrary assumption of five 
days delay of copper, four days of silver and three days 
gold. 

METAL IN PROCESS 


Turning next to the delays for technical reasons and 
taking first “metals in process,” Fig. 2 gives the direct 
course of the metals through the process ignoring all 
diversions. 

The weighing, sampling, and handling of pig to the 
anode furnace properly occupiés one day. The refining 
and casting into anodes is a twenty-four hour operation. 
In the tank house conditions vary greatly in different 
plants, but representative eastern practice may be taken 
as 14 days cathodes and 28 days anodes, making an 
average age of 21 days for the two sets of electrodes. 
The refining furnace is operated on the same basis as 
the anode furnace, calling for one day. Certain parts 
of the r'ant are shut down on Sundays, but this is 
assumed to have no effect upon the final date of delivery 
of refined copper. 

In the silver refinery the length of time required to 
recover doré from the slimes will depend greatly upon 
the impurities present, but it is not likely to be less 
than three days for dissolving the copper in the slimes 
and six days for furnacing them. 

In the parting plant, assuming electrolytic parting is 
used, the anodes will probably last three days and the 
cathode crystals be cleaned up every few hours, making 
an average of one and a half days. The washing and 
melting of the silver sponge takes but a few hours, say 
half a day. The gold mud would be cleaned every three 
days and the boiling and melting take two days. 
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We can now sum up the time required as shown in 
Table I] 


raB.e Il 
( pper Silve Gold 

We £ sampling I 
Anod fu s l 
Tan hous l l el 
Refi gz ful ] 
Boil gs r 4 
Fur! X t 6 
Parting } 
Melt zy sily 
Refi: zg BZ l 
Melting gol 0 

Total days 24 34 7 


These figures show first that but about half the time 
allowed for refining is required by a straight passage 
through the process, thereby giving the goal we should 
strive to approach, and second that as would be ex- 
pected the slow item is the electrolysis. This time can 
be lessened by cutting down the age of the anodes or 
of the cathodes or of both. Too light an anode increases 
handling costs and the percentage of anode scrap made, 


while too light a cathode runs up disproportionate 


charges for making starting sheets and decreases the 
productive hours of the tanks, which have to be cut 
out while drawing copper. 


As before stated the power 
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charges mount very rapidly with increasing current 


density. 





METALS CIRCULATING 

The sample diagram shown in Fig. 2 would become an 
almost undecipherable confusion of lines were it ex- 
panded to indicate every movement of circulating 
metals. As we proceed from pig to cathode a fraction 
is diverted at each stage of the process and sent back 
to an earlier one. 

Each of the furnace processes may be illustrated by 
the first diagram in Fig. 3 and both the copper elec- 
trolysis and the doré parting by the second except that 
there are no starting sheets in electrolytic parting proc- 
esses, the silver being deposited in non-adherent crys- 
tals upon a fixed carbon or silver cathode. 

The return arrows indicate circulating metals and the 
straight ones metals locked up continuously. The two 
cases are alike in their effect upon the process except 
that the former varies directly with the output while 
the latter are more or less constant for a given plant 
regardless of output. (Metals actually lost are a third 
case, but the quantities involved are small and are gen- 
erally adjusted by systematic purchases so as to have 
but a negligible effect upon the time required for refin- 
ing and they will be ignored in this article). Liquors 
partake of both characteristics, as a certain stock is 
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required for starting up the plant while another 
quantity circulates through the purifying departments, 
etc. 

Returning to the plan laid down in Fig. 1 we shall 
consider the metals circulating in slags, flue-products 
and liquors. 

ANODE FURNACES 

The first and simplest case is that presented by the 
anode furnaces; first because, if we ignore the small 
amount of values circulating in the drillings from 
sampling, the anode furnaces divert the first fraction 
from the entering pig, and simplest, because the slag 
and flue products have made return directly to the anode 
furnaces themselves after being reduced to pig in a 
cupola, giving a single fraction to consider. 

The quantity of slag made by an anode furnace 
varies with the purity of the pig from less than 1 per 
cent of the charge to several per cent. The slag itself 
will run from 35 to 45 per cent copper and the silver 
and gold slagged will be proportionately less than the 
copper. We shall assume that we have made 1.5 per 
cent of the copper contents of charge in slag running 
40 per cent copper and that the silver and gold slag- 
ging ratio is 0.85 and 0.45 respectively, with copper at 
1.00. In flue dust we shall recover about 0.07 per cent 
of the copper and say 0.1 per cent of the silver and 0.05 
per cent of the gold treated. Then we have other flue 
products such as the cobbing from repairs, and the 
quantity of this also varies greatly with the character 
of the bullion under treatment. We shall assume it to 
amount to 25 per cent of the metals in the slag. Then 
there is a negligible amount of bad production, scale, 
etc., charged back next day. We have therefore as a 
measure of the apparent shrinkage of the values in proc- 
ess, ignoring actual metal losses, the figures given in 
Table III. 


Taser Ill 
Anode furnace diversions Copper Silver Gold 
Charged to furnace 1.0000 1.0000 1.0000 
Slag contents 0.0060 0.0051 0.0027 
Flue dust 0.0007 06.0010 06.0005 
Cobbing, etc 0.0015 0.0013 06.0007 
Total diversions 0.0082 0.0074 0.00389 
Net output 0.9918 069926 0.9961 


The actual retreatment of these by-products does not 
take over a day, the process being simply reduction to 
big copper in a small cupola. In practice a great deal 
of time is lost in storage before retreatment, but this 
will be taken up later under “balancing” the process. 


TANK HOUSE 


The tank house has three circulating items; anode 
scrap, starting sheets, and liquors. 


Anode scrap is the part of an anode remaining after 
it has been eaten away by the current until but a skele- 
ton remains hanging from the supporting lugs. These 
lugs generally account for from 3 to 5 per cent of the 
total weight of the anode and this percentage repre- 
sents the lowest possible anode scrap. 

In practice the scrap made varies between 7 and 20 
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t 

per cent. A poorly refined anode will dissolve unevenly 
and cause heavy scrap, while careful filling of the 
“holes” caused by drawing individual anodes which 
work out first will lessen the final scrap made. The 
best policy, however, is to refine the anodes thoroughly 
and take no chances on disturbed current distribution 
in the tanks due to “lace” anodes, so that a normal per- 
centage of scrap will be about 14 per cent of the weight 
of the anodes charged. This scrap is subject to a charge 
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of 28 days in the tank house plus the time required for 
the anode cycle. 

The starting sheets are cathodes which are deposited 
upon greased copper plates and stripped as a thin sheet 
when they are about twenty-four hours old. They are 
used as mother sheets upon which they build up the 
cathodes proper. As the cathodes are drawn in four- 
teen days, one twenty-eighth of the number of tanks 
(each copper plate or “starting blank” yields two start- 
ing sheets) must be turned over to this service. Act- 
ually a little more than this is required for the manu- 
facture of loops by which to hang the cathodes and to 
allow for bad sheets. The production of bad sheets will 
be considered negligible and one twenty-fifth, or 4 per 
cent, of the output will be considered to be in starting 
sheets which have been set back two days, one day de- 
positing and one for attaching loops, etc., by this di- 
version. 

The copper tied up in the electrolyte comes chiefly un- 
der the head of “metals withdrawn,” but a certain 
amount circulates between the tank house and the silver 
building and the tank house and the purifying depart- 
ment. The first of these is a small item. The slimes 
are pumped over to the silver building as a soup carry- 
ing perhaps 5 per cent solids, but as the slimes amount 
to but about one and a quarter per cent of the anodes 
and as the electrolyte carries but 3 per cent copper, the 
total copper involved in the movement is but three quar- 
ters of a per cent of the anode weight. The slimes are 
settled out and the liquor returned in about twenty- 
four hours. 

The proportion of liquor required for purifying de- 
pends, of course, upon the impurities present in the 
anode. In the first place there is a certain amount of 
copper dissolved chemically from the electrodes which 
would cause an accumulation of copper in the electro- 
lyte were there no compensating factors. If the anodes 
are very free from impurities, insoluble anode tanks 
must be operated to recover about 2 per cent of the 
cathode output in order to strike a balance. 

On the other hand if nickel is present in the anodes 
this dissolves electrochemically but is not deposited at 
the cathode, so that if much is met with a condition 
of actual insufficiency of copper in the electrolyte may 
obtain, calling for the use of shot towers. 

Antimony may be precipitated chemically as oxy- 
chloride and arsenic electrolytically in the insoluble 
anode tanks. Iron should be adequately removed in the 
anode furnaces. Nickel, however, accumulates and must 
be removed by evaporating liquors. 

It will thus be seen that quite different conditions 
may exist at different plants or at the same plant at 
different times. For our case we may assume that the 
equivalent of 1 per cent of the copper in the anode 
has to be regularly removed. Practically all of the 
copper contents of this solution will be eliminated in 


the three successive sets of insoluble anode tanks 
, e IV 
Diversions from Tank House 
Copper Route 
Entering 1.0000 


0.1400 Anode furnaces 
0.0400 Tank house 
0.0017 Tank house 
0.0075 Tank house 
6.0100 Cupola 

0.1992 

0.8008 


Anode scrap 
Starting sheets 
Copper in slimes 
Electrolyte to silver building 
Electrolyte to purifiers 
Total diversions 
Net output 


through which it will be passed as a first stage in the 
purification and we need not follow this further. We 
may assume that these tanks will be cleaned once in 
ten days and the product sent to the cupola. 

Then we have the copper in the anode slimes returned 
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from the silver building. This amounts to about 0.20 
per cent of the copper in process, or say 0.17 per cent 
of the anode weight. It is returned to the tank house 
as copper sulphate and has about a ten-day cycle. 

Summarizing, we have for a unit of anode copper 
entering the tank house the diversions given in Table IV. 

REFINING FURNACES 

The refining furnaces are similar to the anode fur- 
naces as regards circulating metals except in that the 
quantity of by-products made is smaller owing to the 
practical absence of impurities and that a handicap ex- 
ists owing to the necessity of sending these back through 
the cupola to the very beginning of the process. The 
values assumed for the anode furnace may be scaled 
down as given in Table V. 

The bad production consists of defective castings 
which are charged back into the furnace next day. The 


Taste V 
Diversions from Refining Furnace Copper Route 
Charged to furnace 1.0000 
Slag ‘ 0.0030 Cupola 
Flue dust : 0.0001 Cupola 
Cobbing : 0.0010 Cupola 
Bad production 0.0100 Refining furnace 
Moulds ~ 0.0200 Refining furnace 
Total diversions 0.0341 
Net production 0.9659 


molds may be considered also as returned next day, the 
balance of the period by their use being considered 
under “metals withdrawn.” We are assuming that the 
anode furnaces use cast iron and not refined copper 
molds. The small amounts of silver in gold in the re- 
fining furnace by-products are ignored. 


SILVER REFINERY 


We come next to the silver refinery. The anode slimes 
carry all the silver and gold, neglecting losses, and 
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our purposes the small amount of copper entering the 
doré furnaces may be neglected. 

The next step in the treatment of the slimes is a 
reverberatory smelting. The slimes are melted and tend 
to form three distinct layers, bullion, matte, and slag. 
The slag is skimmed off and the matte, if small in 
quantity, as it should be if the copper has been properly 
removed in the slimes boiling tanks, broken up by blow- 





TasLe VI 
Doré Furnace By-Products 

Assay Ozs. per ton 

Weight Silver Gold 

Slimes 2000 12,000 100 
Poor slag s00 S00 1] 
Rich slag 00 1,200 th 
Flue dust 200 1.200 1 
Cobbing 10 1.200 6 


We can now build up a schedule for the reverberatory 
doré furnace. This is given in Table VII. 
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ing. The foul bullion is then refined to high-grade doré 
by cupeling without the addition of lead. The final 
by-products are two slags, flue dust and cobbing, all of 
which, after sorting out metallics, are sent to the anode 
furnace. We shall assume the data stated in Table VI. 

The doré is sent to the electrolytic parting plant, but 
as there is neither anode scrap, nor starting sheets, 
assuming the Thum-Balbach system with horizontal 
electrodes is employed, the only circulating values are 
in the wash waters from the crystal silver and these 
are so small that they may be neglected here. The 
same is true of the slags from the crucible melting of 
the gold and silver. 

There is, however, some circulating silver from the 
refining of the gold anode mud. This mud may be con- 
sidered half gold and half silver, so a quantity of silver 
just equal to the gold output is dissolved in the boiling 
kettles and sent back to the slimes boiling tanks. As 
we have assumed slimes with 12,000 oz. per ton of 
silver and 100 oz. per ton of gold this represents a 
diversion of 0.0083 or a net output of 0.9917. 





















Doré Furnace Diversions 
Silver Gold Route _— > —. _— n - . 
Charged to furnace 1.0000 1.9000 SUMMARY OF CIRCI LATING METALS 
Rich slag 0.0250 06.0150 Doré furnace . , ~ , __ 
Poor slag 0.0100 0.0015 Anode furnace We are now in a position to revise Table II by the 
oe pone 80010 Doré furnace application of the diversion factors for circulating 
ey = — metals in order to show what proportion of the metals 
Tot diversions 0.0470 0.0187 . : ; : : 
Net output 0.9530 0.9813 entering the process emerge directly in the period given 
! 
Weighing 
Seng 1,00 x 1.00 = 1.0 
Sampling | 
1.0) x 200 ~ 2,00 
: 0,008 x 21.0 = 0.17 0.0013 x 21.0 = 0.03 
Anode il =< a 
1.00 x 1.00 = 1.0 0.16 x 1.00 = 0,16 0,026 x 1,00 = 0,08 
Furnaces ra f 
4 / 
| > / / 
| ey, / 4 
ye j / 15 x 1.0 
| 0.99 x 1,00 = 0,99 S S/ x | esnn tt <enn 
et o/ 
} JF 
| 4 J 
Y J. ¥Y Y Y 
Tank Y 3/ ; 
0.992 x 21.0 = 20.83 S 0.159 x 21.0 = 3.34 0.0257 x 21.0 = 0.54 
House NN < 
/ 
| T 
| | / | 
| | C ] 
| 0.79 x 2,00 = 1.58 | 0.427 x 2.0 | 0,021 x 2,00 = 0,04 
— y Y Y 
Refinin a - , 
e 0,79 x 1.00 = 0.79 0.02 x 1.00 = 0.02 0,20 x 1.0) = 0.20 Negligible 0.034 x 1,00 = 0,08 
Furnaces ~~ 
| 7 
| 
0.77 t 0.19 0.03 0.99 
y 
Copper 
100 Entering Plant 24.00 Days Direct 
118 Entering Anode Furnaces 5.29 Days Circulating 
1,18 “ Tank House 5.31 Days Balancing 
1,02 “ Refining Furnaces 34.60 Days Total 
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in that table. This summary of diversions is given The figures of Table 8 show that but 77 per cent of 
in Table VIII. the copper, 81 per cent of the silver, and 84 per cent of 
Taste VIL the gold entering the plant go directly through the 

Summary of Diversions process in the 24, 34, and 37 days shown by Table 2, the 

Copper -—-Silver Gold——, balance being diverted into by-products which require 

Factor lative Factor lathes Factor oe. retreatment. The result of this is that the actual metals 

Sees one someting. Lars 3 O81s Oak Hoeee oaeg? 22000 in process of treatment at various stages is greater than 
Tank house wo 0.8008 0 1942 0.8600 0.8556 0.8600 0.8566 the pig receipts or cathode output by the amount of 
Furnacing slimes ... 09586 O8is4 OS8ia 8is— these circulating metals. It is also obvious that as 
carting Dor 1.0000 O.ST54 1.0000 0.8406 these retreated metals start through the process a sec- 


Melting ver 1.0000 0.8154 1.0000 0.8406 


tefining gold 0.9917 0.8086 1.0000 0.8406 ond time a portion is again diverted. There are several 


I 
Melting gold 1.0000 O.8086 0000 0.8406 


ways of evaluating this, the simplest of which is proba- 
0.8086 0.8406 bly to work out several terms of a continued fraction, 
thereby ascertaining the total metals passing through 
each step of the process. 





he BALANCING METALS 

Weighing , , 
aal In order to get the time element we must consider 
ana ° oe ° ° 

the “balancing metals,” or stocks held at various points 


Sampling ' 4 ; ti “ - 
P in the process in order to insure continuity of operation 








Anode 


Furnaces 


Boiling 


Tanks 


| 0.14 x 4.00 =0.56 


Dore 


, 0.008 x 8.00 = 0.06 
Furnace O08 X 8.00=0.06 || 


0.16 x 4.00 = 0.64 


Y 
Parting 
0.16 x 1.50 





Plant 


0.029 x 0=0 


Y 


Crucible 0=0, 0.16 x 0.50= 0.05 0,029 x 0.50 =0.01 


Y 
+ 0.16 0.08 
1.00 Entering Plant 34,00 Days Direct 
1,18 ” Anode Furnaces » Circulating 
1,18 ” Tank House 12,5 » Balancing 





1.05 ” Dore Furnace 52 » Total 
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without disproportionate cost. This is done graphically 
in Fig. 4, where the numbers represent days. Where 
they occur between the rectangles representing steps in 
the process they stand for the average number of days 
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output at that point held in stock; where they occur 
inside or alongside the rectangles they represent the 
days in process shown by Table 2. 

We can now proceed to construct the diagrams show- 
ing the unit-days lost at each step and this has been 











done separately for the copper, silver and gold in Figs. 
00 Gok . " A , ca aed Mlehhiea pebtinati 
—_ one 5, 6, and 7. Each vertical row in these figures repre- 
Y sents one term of the continued fraction. Three terms 
Weiching are sufficient to approximate the total. In order to 
_ 1.00 x 1.00=1. simplify the diagram the cupola has been omitted, al- 
Sampling - though allowed for in the days given, and some items 
| 
| 1,00 x 2,00 =2.00 
| 
Y 0.0039 x 21.0 .0005 x 21.0 
Arcde — > : > 
aE 8 LAOSES f «0,145 x 1.00 = 0,1 PA 0.020 9=0.02 
Furnaces J 
oy j 
> Sf / 
0.996 x 1.00 - 1.0 ay Li 1.00= 0.15 Pty’ / . x 1.00 = 0,02 
eS $ 
Y Y ! 
Tank 0,020 x 21.0=0.42 
0.996 x 21.0=20 21.0 
House 
J ~ 
0.357 x 1.00 = 0.86 > 125 x & 0.12 = -020 x 1,00= 0,02 
| = 
Y ~ Y Y 
3oilin ~/ 
= c 0.857 x °.G0 = 2.57 0,125 x 3.09 = 0.3 0,020 x 3.00 =0.06 
Tanks = ” 
Y= 3.43 ).125 x 4,00 = 0,50 0.022 x 4,.00=0.08 
Y Y Y 
jore j / 
Dore 357 x 6,00 = 5.14 14 x 8.00 ly 0= 9, 2 x 8.900 0.022 x 6,.00=0,13 
Furnace - ———| ae 
0.12 0.02 
S41 x ~=3.36 137 x 4,00=0.54 0,022 x 4,00 09 
Y Y Y 
Parting 
Parting 0.841 x $.00 = 2.52 137 x 3.09 =4,41 0.022 x 3.00=0,07 
Plant 
r ).137 x 0=9 | 0,022 x0=0 
y Y Y 
Geld 0.811 x 1.20 =1.26 0.137 x 1.50= 0,21 0,022 x 1.50=0,.03 
Pots 
' T 
| ; 0. i,j x0=0 0.137 x0 ) 0.022 x9 ) 
| | 
t Y Y 
| Crucible O.341 = 0.59=0.42 0,137 x 0.56 = 9,97 0,022 x 0,50=0,01 
| 
| _ 7 . , 
' | | 
’ ’ 
0.84 T O14 + 0.02 = 1.00 
1.00 Entering Plant 37.00 Days Direct 
1.16 ” Anode Furnaces 4.93 »  Circulatin 
2 
1.16 ” Tank House 12,28 » Balancing 
1,02 ”» Dore “urnaces 54,21 » Total 
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have been averaged in groups. The figures are units 
of weight times days equals unit-days, and as one unit 
of weight is shown entering the process the sum of the 
unit-days is the actual total days that unit is in process. 


METAL WITHDRAWN 


We have finally to consider the “metals withdrawn” 
by liquors, furnace bottoms, conductors, and molds. 
These are easily translated into unit-days by consider- 
ing how iong the plant would have to run in order to fill 
these storage vaults. 

LIQUORS 


We have two main bodies of liquor to consider, the 
copper sulphate electrolyte in the tank house and the 
silver nitrate electrolyte in the parting plant, the latter 
carrying negligible amounts of copper, however. 

In the tank house in addition to the liquor actually 
in the tanks there is a large additional quantity in the 
piping system and sumps. In general in a large plant 
there is required about 20 lb. of liquor per pound per 
day of copper treated. As the electrolyte runs about 
3 per cent in copper this is equivalent to saying that 0.6 
days output of the plant will be required to stock up 
the electrolyte. 

In the parting plant this factor is a little less, say 0.4 
day, as there is not the circulating system to allow for. 


FURNACE BOTTOMS 


There are four main furnace bottom absorptions, 
anode, refining, cupola, and doré. The anode and re- 
fining furnaces are alike except that 18 per cent more 
capacity is required in the anode department as shown 
in Fig. 5, and that the refining furnace ties up no silver 
and gold. An anode furnace will absorb from 100 to 
400 lb. of copper per square foot of hearth area, depend- 
ing upon the age, thickness and composition of the 
bottom. 

It is customary to start the soaking of a new bottom 
with material lean in silver and gold and in general 
the relative absorption of silver is lower than the 
amount to be expected from the grade of bullion treated; 
this ratio changes with age, however, and gold in par- 
ticular seems to concentrate in the bottom. 

For our purpose we may assume 0.40 days copper for 
the complete absorption of the furnace and flues of a 
refining unit. This will become 0.47 days for an anode 
furnace. The silver will be say 0.25 and gold 0.40. 
These figures must be increased about 30 per cent, how- 
ever, for reserve capacity. 

The cupola bottom absorption is relatively negligible. 
This is due to the fact that it is occupied on but a day’s 
treatment of only a circulating by-product. 

On the other hand, the doré-furnace bottom consti- 
tutes a very large item, due to the facts that it is a 
small furnace which means disproportionate brickwork, 
and that it treats something more than the entire silver 
and gold output in six day charges. The net result is 
that this accounts for about 12 days silver and 10 days 
gold. 

The small absorption in the crucibles is neglected. 


CONDUCTORS 


We next have the copper tied up in conductors, etc., 
in the tank house and the silver in contact pieces leading 
the current in and out of the cells in the parting plant. 

These copper parts in the tank house consist of bus- 
bars, cross rods (upon which the cathodes are hung) 
and starting blanks (the plates upon which the starting 
sheets are deposited). 

It is customary to buy the main bus-bars outright as 
a charge against capital expense, so these do not enter 
into this discussion. 
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The other small parts are borrowed from the copper 
passing through the plant as they are made of refined 
copper and can be melted up at any time at a day’s 
notice, were some extraordinary market condition to 
call for a final accounting in refined copper. Of course 
this loan has to be paid for in “metal interest” as it 
correspondingly lengthens the time required for refin- 
ing. This method is really no different from that pur- 
sued in casting lugs upon the anodes in order to con- 
veniently suspend them in the tanks. 

The items in question amount to about 1.5 days pro- 
duction of copper. 

The silver contact pieces in the parting plant are a 
small item, tying up about 0.1 of a day’s production. 

Finally we have the copper molds used for casting the 
wire bars, ingots, etc., and these tie up about 2.5 days 
production. 

The total days lost from “metal withdrawn” is shown 
in Table IX. 


TABLE IX 


Metals Withdrawn 

Copper 
Tank house electrolyte 0.60 
Parting plant electrolyte 
Anode furnace bottom 
Refining furnace bottoms 
Doré furnace bottoms 
Conductors, et 


Moulds 


Total 


We can now summarize the results of this review 
and Table X shows a total time required of 44 days 
for the copper, 69 days for the silver and 68 days for 
the gold. 


days 


TABLE X 


Summary of Metals Tied Up 


Copper Silver 
Commercial 5 00 
Technical—Direct 
Circulating 
Withdrawn 
Lost , - 
Balancing 


process v4 3 oo 


Total days 


To these figures must be added any delays due to 
fires, strikes and other “unforeseen” causes, and it must 
further be remembered that running a plant at part 
“apacity runs up the “metals withdrawn” and some 
other items. 


Board of British Scientific Societies 


On the initiative of the Royal Society (London) a 
Board of Scientific Societies has now been established 
for promoting the co-operation of those interested in 
pure or applied science, according to the Jron and Coal 
Trades Review. This supplies a means by which the sci 
entific opinion of Great Britain may, on matters relating 
to science, industry and education, find effective expres 
sion; taking such action as may be necessary to promote 
the application of science to industries and to the serv 
ice of the nation; and discussing scientific questions in 
which international co-operation seems advisable. The 
Board at present consists of representatives of twenty 
seven scientific, including technical societies. The regu 
lations give power to add to this number and to appoint 
as members of sub-committees individuals who are not 
necessarily connected with any of the constituent socie 
ties. An executive committee has been appointed con 
sisting of the following members: Sir Joseph Thomson, 
O.M., P.R.S. (chairman), Dr. Dugald Clerk, Sir Rober' 
Hadfield, Mr. A. D. Hall, Prof. Herbert Jackson (honor- 
able secretary), Sir Alfred Keogh, Sir Ray Lankester, 
Prof. A. Schuster, Sir John Snell, Prof. E. H. Starling, 
Lord Sydenham, Mr. R. Threlfall. 














New Sulphuric Acid Plant 


The Construction of the Sulphuric Acid Plant and the 
Commercial Process of Manufacture of the Acid 
as Used by the United States Steel 
Corporation at Donora, Pa. 

By T. N. HARRIS 


Sacrificing everything for time, work was begun on 
this plant in June of 1915, and the first acid ran over 
the towers during the night of Dec. 22, 1915. This 
record-breaking time for construction operations should 
go down in engineering history as a marked example 
of results obtained from co-operation and organization 
among engineers and superintendents in charge of con- 
struction work. 

In the following paragraphs the writer will endeavor 












TOWER BUILDING AND ROASTING FURNACE 





to describe briefly the construction of the equipment 
used for the manufacture of sulphuric acid (H,SO,), at 
the same time tracing the ore from the time it is un- 
loaded at the ore bins until it is placed in the roasting 
furnaces where the sulphur is liberated and combined 
with oxygen from the air. Attention then will be given 
to the sulphur dioxid (SO,) gas, thus formed as it 
passes over the nitre furnace, thence through the towers 
and chambers until it is concentrated to 60 deg. Baumé 
and then pumped into the storage tanks ready for draw- 
ng off into tank cars to be shipped. 


ORE-HANDLING PLANT 


This plant consists of the ore bins, sampling and 
crusher buildings. Australian ore is used chiefly in 
this process owing to the fact that the percentages of 
inc and sulphur run much higher than in our own 
native ores. Zinc runs about 50 per cent, sulphur 25 to 
40 per cent, about 6 ounces of silver, small quantities 
of lead and iron and a slight trace of gold. 

This ore is jet black, weighs 150 lb. to the cubic foot, 
and some of it is as fine as flour. Approximately one 
ton of acid is made from the sulphur gases driven off 
from one ton of ore. 


SAMPLING 


Before the ore is placed in the bins, or while it is 
being unloaded, a representative sample is taken for 
assaying purposes. This process is carried on in the 
sampling building, directly adjacent to the ore bins and 
Which forms a part of the ore-handling plant. 

‘his ore is received at the plant in box cars; thus it 
is unloaded by the shovel and wheelbarrow method. As 
the unloading takes place a certain quantity is set 
aside, the quantity being arrived at by the simple ex- 
pedient of setting aside every tenth shovel or every 
tenth wheelbarrow. 

'his sample is then thoroughly mixed; about 5 Ib. of 
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it is placed in dryers to drive off the moisture. After 
a sufficient time has elapsed this moisture sample is 
weighed to obtain the percentage of moisture. 

The remaining portion of the original sample is placed 
in a large dryer to drive off the moisture content, and 
is then run through a crusher which breaks up the 
lumps sufficiently to allow the ore to be more finely 
divided by a machine known as the rolls. The name 
of this machine tells the story of its duty. It consists 
essentially of two rolls or cylinders placed with their 
axes horizontal and their surfaces directly adjacent. The 
rolls revolve in opposite directions, and the ore on pass- 
ing through is ground finer. 

From the rolls the ore goes to the dividers, an ar- 
rangement for obtaining a mathematical division of the 
ore. This machine is a simple hopper arrangement with 
a slotted bottom, the alternate slots diverting the ore 
into two separate pans. The process may be repeated 
any number of times and thus as small a sample as 
wished may be obtained. 

For assaying purposes the entire sample must pass 
through a hundred-mesh screen. In order that this 
condition may be fulfilled, the ore taken from the di- 
viders is run through a pulverizer, which consists of 
two disks revolving in opposite directions and with ar- 
rangements for adjusting their proximity, thus assur- 
ing the passage of the final sample through a hundred- 
mesh screen. 

ORE BINS 

The bins are interesting from an engineering point 
of view, as they are wholly constructed of heavily re- 
inforced concrete. They are ten in number, each bin 
being 70 ft. long, 20 ft. wide and averaging 18 ft. high, 
being 20 ft. high at one end and 16 ft. at the other. 
These are inside dimensions, so the total capacity of 














90-FT. CONCRETE TOWER AT THE ORE BINS 


the ten bins is 224,000 cu. ft., or approximately 15,000 
tons of ore. 

The walls separating the bins are 18 in. on top and 
average 32 in. at the bottom, being 3 ft. at the high end 
and 28 in. at the low end. They are reinforced longi- 
tudinally and vertically; longitudinally by 34 in. square 
plain bars spaced 30 in. on centers, and vertically by 
1 in. square plain bars placed 2 in. from each face spaced 
6 in. on centers. Every third bar extends to within 















DUST COLLECTOR FOUNDATIONS 


2 in. of the top of the wall while the two intervening 


bars extend only to the top of the middle third section 
of the wall. The end and side walls have the same re- 
inforcement as the intermediate walls. 

The bottom of the bins is a 2-ft. slab, reinforced 
longitudinally and transversely by *4-in. square bars 12 
in. on centers, excepting under the walls, where the re- 
inforcement is 1 in. square bars running longitudinally 
and transversely along the top and bottom of the slab 
on 18-in. centers. 

There was 3500 cu. yd. of concrete and 185 tons of 
reinforcing steel required for this work. The concrete 
in the bottom slab was a 1-21!5-5 mix, while the walls 
were a 1-2-4 mix. Universal Portland cement was used 
exclusively in all the foundation work. The concrete 
for the ore bins was poured from two 90-ft. distributing 
towers rigged with a system of line gate chutes and 
completed in less than thirty days. 

CRUSHER BUILDING 

This building is enclosed by the same roof as the ore 
bins, the total length of the structure being 340 ft. and 
the width 75 ft. The equipment installed includes hop- 
pers, crushers, driers, dust collectors, skip 
hoists, storage bins, ore chutes, trestle for ore car and 
numerous electric motors. 

The ore is taken from the bins by a 15-ton overhead 
electric traveling crane with a grab bucket and depos- 
ited in a large conical-shaped hopper, about 20 ft. in 
diameter. From the hopper it enters a revolving screen 

42 in. diameter, 12 ft. long, *4 in. perforations, 18 
r.p.m) where the fines are separated and passed on into 
the revolving driers (Ruggles Coles Class A-14, 60 ft. 
long, 7 ft diameter, weight 42 tons) and the coarse 
shunted off into a No. 6 Kenedy gyratory crusher. 

Upon leaving the driers the ore is caught in a bucket 
which is elevated by a skip hoist and deposited in the 
storage bins from whence it is taken by the ore car to 
the roasting furnaces. 


screens, 





ROASTING FURNACE TUNNEL ROOF SLAB 
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ROASTING FURNACE TUNNEL 


The storage bins are accommodated on the 75-ft. level 
of the 130-ft. tower, which occupies the southern ex- 
tremity of the building. This tower is 30 ft. wide and 
extends 75 ft. across from one side wall to the other 
Besides the storage bins this tower accommodates a 
Newage separator (style No. 3) trestle for the ore car 
and six carbonate crushes of the roller type. 

This plant is made up of two units whose operation 
calls for the use of twelve Westinghouse motors. Two 
200-hp. motors drive the carbonate crushers, two 25-hp 
motors operate the skips, two 65-hp. motors the driers, 
two 10-hp. for the screens, two 40-hp. the gyratory 
crushers and two 7'2-hp. motors operate the fans to the 
dust collectors. 

A 75-ft. reinforced concrete stack is used in connec- 
tion with the driers. The structural steel used in the 
framing for the tower of this building is the heaviest 
type used on the entire work. 


ROASTING FURNACES 


The equipment necessary for roasting the ore and 
conveying the sulphurous gases to the nitre furnace 
includes the following: a large roast kiln, gas producer 
with large steel circular flues leading to the combustion 
chamber of the kiln, an air heater, rod alley, dust col- 
lector and kite-shaped flues leading from the roast kiln 
to the dust collector, thence to the nitre furnace. 

The ore is received from the crusher by an ore car 
operated on a trestle which dumps into a hopper at the 
top of the furnace. It is now raked back and forth 
through the different hearths as it is being roasted by) 
heat furnished by the producer gas method. 

Chambers are provided for the admittance of air to 
the ore as it is being thus roasted which forms SO, gas 
as the sulphur is being liberated in gaseous form in the 
process. When the ore has been raked on down through 
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the furnace and reaches the bottom hearth it falls down 
through a chute into tunnels, one being constructed at 
each end of the furnace. 

in the tunnels ore cars are operated from the chute, 
Which takes the ore out of the furnace to the other 
end of the tunnel, where it can be loaded to the telpher 
car and is now ready for the distillation furnaces for 
the refining of the zinc. 

_ Beginning with the roasting process the plant is di- 
vided into three units, each unit requiring four separate 


buildings, two for the roasters, one for the towers and 
one for the chambers. Each unit is made up of two 
systems which is constituted by the following: The 
roasting furnace equipment as previously described, and 
one nitre furnace, one Glover tower, Gay-Lussac towers, 
ten chambers and one storage tank. 


ROAST KILNS 


These kilns are constructed on a husky concrete foun- 
dation, are 80 ft. long, 22 ft. high and 18 ft. wide ard 
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COLUMN REINFORCEMENT 


ACID TOWER FOUNDATION 


built up of red and fire brick, approximately one mil- 
lion 9-in. equivalent brick in each kiln. 

The kilns are divided in half by a partition wall, each 
side having seven arched hearths, three gas chambers 
and a fire flue. 

The buck-staves are thirty-six in number, eighteen on 
euch side of the kiln and connected at top and bottom 
crosswise of the kiln by two 2'5-in. tie rods. 

On each buck-staves at the end of the kiln a spring 
is placed both at the top and bottom so that a long tie 
rod extending the entire length of the kiln may connect 
the two springs at the top and the two at the bottom. 

All of the buck-staves are firmly grouted in the con 
crete foundation of the kiln. 

The arches for the different hearths and gas cham- 
bers are built of tongue and grooved brick block 9 in. x 
9 in. x 4 in. and keyed at the sides of the arches with 
cast iron wedges. 

There are gas openings in all of the arches, and the 
ore slots are placed toward each end of the kiln but on 
alternate hearths so that the ore being dropped from 
one hearth is raked clear across the hearth before it 
will drop to the hearth below. 

There are two rod alleys and two sets of rods for each 
side of the kiln, one being placed at each end. 

One rake is required for each hearth. After being 
drawn through on one hearth it is pulled out on a turn- 
table and brought around to the end of the hearth on 
the same level on the other side of the kiln. 


ROD ALLEYS 


The rod alley and raking system consists of a large 
head frame supporting a system of bevel gears which 
operate an endless chain. These chains are placed level 
with the bottom of each ore hearth so that the long rods 
may be operated back and forth by means of a hock on 
the rod clinging to a large link in the endless chain. 

By reversing the gears the rod is pushed through the 
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hearth and coupled to the rake, and by setting the gears 
in forward motion the rake is drawn through the hearth 
and when it comes nearly to the end of the hearth the 
ore drops through the slot in the arch and charges the 
rake waiting in the hearth below ready to be drawn in 
the opposite direction from which it was drawn in the 
hearth above. 

Thus two rakes are operated at the same time in op- 
posite directions in the same side of the kiln. This 
roasting kiln and raking system is of the old Hegeler 
principle with a few modifications. 


DUST COLLECTOR 


As the SO, gas is given off during the process of roast- 
ing, it comes out at the top of the kiln and is drawn over 
to the dust collector through a kite-shaped flue due to a 
suction created by a large lead fan to be described in 
connection with the towers. 

In this dust chamber is a 3-ft. diameter well wall and 
eight baffle walls on the sides. 

The chamber is of steel plate construction, 20 ft. in 
diameter, 30 ft. in height, conical in shape at top and 
bottom, and is lined with 2 in. of asbestos and 9 in. of 
fire brick. 

The purpose of this chamber is to collect the dust 
from the gas as it falls down during the circulation 
around the baffle walls. 

A drop door is placed at the bottom of the lower cone 
through which the dust is taken out. 








FOUNDATION FOR ROD ALLEYS 






The SO, gas is admitted to the chamber at a point 
about two-thirds of its height, is drawn down around 
the baffle walls, enters the well wall through openings 
at the bottom, passing up through and out at the top of 
the well into another kite-shaped flue which leads over 
the top of the nitre furnace. These kite flues are of 
steel plate construction and lined with asbestos and fire 
brick. 
NITRE FURNACE 
The nitre furnace is built up of red and fire brick 
and constructed in three parts for the use of thre 
pots and three grates. 

There is an opening in the top arch of the furnac 
directly over each pot for the round chute through whic 
sodium nitrate is poured down into the pot. 

A lead pipe connection to each pot from the Glove! 
tower conveys sulphuric acid into the pot. A coke fire 
underneath the pot heats this mixture forming sodium 
sulphate and frees nitrous fumes which are taken up 5 
the SO, gas as it is drawn over the pots through the 
flue from the dust collector. This newly formed gas next 
passes through a brick flue into a four sectional throat 
flue at the side and bottom of the Glover tower. The 
nitre furnaces are located in the tower building in the 
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center at the end between the Glover towers. (See 
plan of arrangement, page 315.) 


ACID TOWERS 


The foundations for each acid tower had to sustain a 
dead and live loading totaling 700 tons; thus they were 
constructed of reinforced concrete. 

A slab, 20 ft. square, 12 in. thick, was built and car- 
ried on six 16-in. reinforced beams. This structure was 
supported by nine columns 36 in. square, the lower 10 ft. 
of the column was battered 11 in. per foot, and a footer 
pad 24 ft. square 24 in. thick formed the base of the 
whole mass. This reinforcement is shown in the ac- 
companying cut. 

Three-quarter-inch and l-in. square plain bars were 
used throughout the work. 

The floor slab of the tower was reinforced both ways 
in top and bottom. No. 1 plain wire was used for stir- 
rups and lacing of the columns. 

The towers are entirely lead-lined. In the bottom 
of the Glover tower the lining was 1 in. thick, weighing 
60 Ibs. per square foot. The sides of the tower were 
lined with 30 Ib. lead. 

Twenty and 30 lb. lead was used for the linings of 
the Gay-Lussac towers. 

The lining of the Glover tower being heavier than 
the other towers is due to the fact that the temperature 
is much higher; at times it registers about 150 deg. 
Centigrade. 








ACID TOWER FOUNDATION 


The Glover tower which receives the gas from the 
nitre furnace is called the cooling and concentrating 
tower, one of which is required to a system. 

Three Gay-Lussac towers are required to a system, 

and they receive the gas after it has made the circuit 
through the chambers. The towers take the nitre out 
of the chamber acid as it is pumped up over them after 
t has made a passage from the Glover tower. 
All of the towers are 30 ft. in height above the foun- 
tions and 14 ft. square. They are packed with hard- 
burned chemical brick; about 63,000 used in the Glover 
tower and throat flue leading to the tower. About 
59.000 in each of the two Gay-Lussac towers and 43,000 
in the Gay-Lussac tower nearest the chambers. The 
last 10 ft. in the top of this Gay-Lussac tower is packed 
with large pieces of 72-hour coke. 

"he brick used for packing the towers is the size of 
paving brick weighing about 10 lbs. each, and are laid 
up in checker formation. The checker openings in the 
bottom 10 ft. section of the tower were 4 in., the middle 
section openings were 3 in. and the top section 2 in. 


ACID EGGS 


The acid eggs are iron castings 2 in. thick, of cylin- 
drical shape, 3 ft. in diameter, 12 ft. long with a flanged 
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FOUNDATION AND FRAMING FOR SUPERSTRUCTURE FOR 
CHAMBER BUILDING 


head at one end and oval shaped at the other. They are 
placed on their side and supported on brick piers. 

Six eggs are required for each system, and are located 
in a pit immediately between the two systems of Gay- 
Lussac towers. 

The eggs are connected separately to an air line, and 
each egg has a separate lead pipe connection with two 
towers. These pipe lines are fitted with valves so that 
as the acid drains from one tower into the egg it can 
be pumped up over another tower. 

At the top of the towers are large circular tanks which 
receive the acia as it is pumped from the eggs. These 
tanks drain into distributor boxes which in turn outlet 
into 156 lead pipes which equalize the flow of acid over 
the square area of the tower. 


LEAD FANS 


There are two large lead fans, that are electrically 
driven, to each system. 

One fan is located in the line of 36 in. diameter lead 
pipe connecting the Glover tower with the chambers. 

The other fan is in a line of same diameter lead pipe 
connecting the chambers with the three Gay-Lussac 
towers. This line leads from the top of the chambers 
to the bottom of the first Gay-Lussac tower. This 
tower outlets at the top and another 36-in. pipe con- 
nects with the bottom of the next Gay-Lussac tower. 

These three towers are connected with each other 
but not with the Glover tower. 


CHAMBERS 
The chambers are rectangular in shape, 18 ft. wide, 
20 ft. high, and vary from 40 to 60 ft. in length. 
The bottoms, tops and sides are made up of 6, 8 and 
10 Ib. lead. 
The chambers are connected with each other and with 
the towers, one line leading from the Glover tower to 
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the chambers and the other line leading from the cham- 
bers to the Gay-Lussac towers. 
CIRCUIT THROUGH THE TOWERS AND CHAMBERS 

Going back to the gas formed in the nitre furnace, the 
SO, gas combined with the nitrous fumes. By the suc- 
tion of the Glover tower fan this gas is drawn up 
through the Glover tower and pushed to the chambers. 
Here steam is admitted to the chambers, and by break- 
ing up with the nitrous gas and the SO, a weak solu- 
tion of sulphuric acid is formed, also a brown gas called 
nitrous trioxid. 

This weak acid is now known as chamber acid which 
formed in a vapor condensed on the sides of the cham- 
bers and dripped to the bottom flowing to an outlet into 
a line that drains into the egg known as the chamber 
acid egg. 

The nitrous trioxid gas rises to the top of the cham 
bers and the fan on the line with the Gay-Lussac towers 
pulls this gas into the bottom of the first Gay-Lussac 
tower up through this tower and on through the other 
two Gay-Lussac ctowers. 

The weak solution of sulphuric acid is now pumped 
over the Glover tower, trickling down through the 
tower washing the SO, gas and nitrous fumes which are 
continually being drawn through by the Glover tower 
fan from the furnaces. 

This chamber acid continues to take up more SO, from 
the Glover tower and drains into tanks on the cooling 
platform, where the acid is tested for 60 deg. Baumé. 

These test tanks are constructed of lead, and contain 
a coil of lead pipe through which cold water runs con- 
tinuously. 

Until the acid reaches the desired strength it drains 
from the cooling platform of the Glover tower to the 
acid eggs, and is pumped up over the Gay-Lussac tow- 
ers for the nitre to be taken out. 

After circulating through these three towers it is 
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again pumped over the Glover tower to receive more SO,,. 
When the hydrometer registers 60 deg. on the cooling 
platform the acid is drained into the storage egg, from 
which it is pumped into large steel storage tanks lo- 
cated at the railroad siding where the tank cars are 
loaded. 

STORAGE TANKS 


The storage tanks, six in number, were constructed 
of %,-in., 34-in., °s-in. and 44-in. steel plate with no 
lining of any kind whatsoever. 

The structure was carefully calked as proof against 
leakage, and was absolutely air-tight. Acid does not 
attack the steel of the tank without the presence of air. 

The tanks are 40 ft. in diameter and 20 ft. in height. 
Each tank required a foundation good for a loading of 
1700 tons. These foundations were of reinforced con- 
crete, the structure consisting of a 20-in. slab 48 ft. 
in diameter carried on four beams 30 in. wide and 36 in. 
deep, supported by twelve columns 30 in. square. 

The lower 10 ft. at the base of the columns was 
battered 3 in. per foot. Each column had a footer pad 
24 in. thick and 9 ft. square. One-inch-square plain 
bars were used in the columns, beams and slab. Three- 
eighth-inch plain rod was used for temperature stress 
bars and No. 1 plain wire used for lacing the columns. 

The buildings of the entire plant are of the latest 
type of mill structures. They are fireproof in every 
case; the side walls are built of hollow tile, the framing 
is all of structural steel and the roofs are of tar paper 
and corrugated tar felt construction. 

The machinery throughout the plant 
driven, the power being furnished by 
signed equipment of the company. 


is electrically 
a specially de- 


Synthesis of Ammonia 


Some interesting experiments on the synthesis of am- 
monia from nitrogen and hydrogen in their atomic, 
nascent state, are described in the Chemical Trade Jour- 
nal and Chemical Engineering, Aug. 5, 1916, the data 
being taken from a communication of Dr. Zenghelis to 
the Paris Académie des Sciences: 

Zenghelis passed, in his first experiments, a mixture 
of the gases—three parts by volume of hydrogen and one 
part of nitrogen—through water (acidified with sulphur 
dioxide in some experiments) in which the catalyst was 
suspended; the water was heated, but only up to 90° C. 
Some ammonia was obtained, especially with colloidal 
palladium or silver as catalysts; but the yields were 
very poor, and electrolytic and chemically-evolved hy- 
drogen did not give better results. In the second series 
of experiments the nitrogen was atomic; the hydrogen 
not. The nitrogen was generated from sodium nitrite 
and ammonium chloride; this reaction gives free nitro 
gen and also some nitric oxide and ammonia, which had 
to be allowed for in the estimates of the ammonia pro 
duced. The yields were again very low, although the 
experiments were continued for more than four hours 
In the third series both the elements were in the nascen! 
state, the nitrogen was generated, as in the second s¢ 
ries and the hydrogen as in the first, and then decided! 
promising results were realized. The temperature 
ranged from 70° to 99° C.—that is to say, the wate: 
was not quite boiling. If all the nitrogen had been co: 
verted into ammonia, 5000 cu. cm. of ammonia soluti: 
should have been obtained; with spongy palladium 32! 
cu. cm. were actually found, with colloidal platinu 
1755 cu. em., and with colloidal palladium 1025 and 
even 2060 cu. cm.; in the last-mentioned case there was 
more of the catalyst. Thus the yield came up to 4! 
per cent. The trouble is that the nitrogen was generated 
from materials as valuable as the ammonia produced. 














Recent Developments in Zine Concentration 
Practice in the Joplin District, Missouri 


BY H. C. PARMELEE 


Joplin milling practice has always been unique; not 
only for its remarkable accomplishments, but also for 
its deficiencies; as well for the development of inter- 
esting local methods as for an apparent disregard of 
foreign ideas; as much for its independence as for a 
failure to adopt refinements considered indispensable 
in other districts. Financially, Joplin milling has been 
a success; metallurgically it has been at once the ad- 
miration and despair of outside engineers—admiration 
for the success of special methods developed to meet 
peculiar local needs, and despair at the evident lack of 
appreciation of some of the finer points in ore-dressing. 

But in spite of admitted deficiencies in the past, Jop- 
lin mill practice is improving and there are evidences 
that it is getting on a sounder engineering basis. The 
newer mills show more attention to the details of clas- 
sification, regrinding, and the concentration of sand 
and slime. Efficiency is improved and losses have been 
recognized and reduced. 

One reason assigned for the slowness with which 
milling has advanced is that mining has been consid- 
ered more important and has offered the opportunity 
for quick money-making, even with crude milling meth- 
Under the leasing system which generally pre- 
vails, mining and milling have been done cheaply, but 
milling has generally been a secondary matter both as 
to equipment and efficiency, because the time and ex- 
tent of the leases were limited and exhausted. 
There is no doubt, however, that the time is at hand 
when more attention is being paid to ore-dressing in 
the Joplin district in order to prevent waste and in- 
crease profit. 

Hitherto mills have not been designed on the basis 
of preliminary tests, such as are made in other places, 
but they have been erected by contractors who turn 
over a typical Joplin mill at a fixed price. Operators 
have followed local custom closely and have been slow 
to depart therefrom. Perhaps this is because past ef- 
forts to improve conditions have been too radical, pro- 
posing to revolutionize the whole practice without rec- 
ognizing the things that Joplin already does well. Those 
most familiar with local conditions realize that this is 
not what is needed, but that improvements undoubtedly 
can be made in important details throughout, and par- 
ticularly with regard to the recovery of finely ground 
mineral. Past losses in this respect are indicated by 
numerous projects for reclaiming fine mineral from old 
tailing piles and ponds. 


ods. 


soon 


Bureau of Mines Studies 


An important factor in arousing an interest in bet- 
ter ore-dressing has been the study of local methods 
conducted by the U. S. Bureau of Mines under the 
direction of Clarence A. Wright. The reports’ thus 
far issued are preliminary to a final document covering 
the mining and treatment of lead and zinc ores in the 
Joplin district, based on co-operative work between the 
Missouri Geological Survey and the U. S. Bureau of 
Mines. The general result of this work has been to 
prove definitely the losses sustained in milling and to 
indicate where and how they may be prevented. Thus 
it was shown that the average recovery of zinc from 
the ore, taking the district as a whole, was about 65 per 


Four papers have been written by Clarence A. Wrighi: Tech- 
nical Paper 41, Mining and Treatment of Lead and Zinc Ores in 
the Joplin District, Mo.; and separate preliminary papers on Jig 


Concentration, Table Concentration, and the Possibilities of Flota- 
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cent, and the deficiencies of jig and table practice were 
pointed out. The following general outline of the jig- 
ging system is given by Mr. Wright. 


Outline of Jigging System 


“The most common type of jig used in this district 
is known as the Cooley, similar in principle to the Harz 
jig. It is of the fixed-sieve type, the water being 
forced up and down through the screen or grate by 
the action of a plunger placed in an adjacent compart- 
ment. The number and the size of the compartments 
for each jig depend on the size and character of the 
ore treated. 

“In general, a system of 
is followed in which the feed is given 
cleaning that eliminates the greater proportion of 
waste material on one or two ‘rougher’ jigs. The en- 
riched product, which will assay about 14 to 18 per 
cent zinc, is cleaned on a ‘cleaner’ jig for the final 
treatment, bringing the zine tenor up to 55 to 60 per 
cent. The ‘chats’ or included-mineral particles from 
both the rougher and the cleaner jigs, which together 
will assay 4 to 8 per cent zinc, are recrushed and either 
returned to the rougher-jig feed or treated separately 
over a ‘chat’ jig. The tailing from the rougher jig is 
dewatered by means of a dewatering trommel with 
1'.- mm. to 2-mm. openings, over the outside of which 
the tailing passes as the trommel slowly revolves. The 
undersize from this dewatering screen flows to the set- 
tling tanks and the oversize to the tailing elevator as 
waste. The overflow from the tailing end of the cleaner 
jig, and other jigs if used, also passes to the settling 
tanks for subsequent treatment. 

“The rougher jigs usually consist of five or six cells 
with a screen or grate area in each cell of 30 by 42 in. 
to 36 by 48 in. The speed of the shaft connecting the 
plungers and eccentrics varies from 90 to 120 r.p.m., 
with the length of stroke of the plungers ranging from 
’. in. to 144 in. The cleaner jigs have six to seven 
cells with a grate area somewhat smaller than that of 
the rougher jig. The speed of the shaft connecting the 
eccentrics and plungers is from 160 to 200 strokes per 
minute, with lengths of stroke ranging from *%, to %4 
in. The chat jigs, which are not commonly used, are 
smaller and usually consist of four to five cells, and are 
operated at a higher speed and shorter stroke. 

“The material fed to the first cell of the jig is, as a 
rule, not graded or classified. A bed 5 to 6 in. deep is 
formed and as a result of the pulsating action of the 
water the lighter gangue material, such as flint, comes 
to the surface, the heavier free grains of lead and zinc 
working to the bottom. The downward suction stroke 
causes the finer grains of mineral to continue through 
the screen or grate openings into the hutch of each 
compartment. The strength of the suction stroke is in- 
creased by leaving the gates of the hutch partly open. 
The accumulation in the hutch is known as ‘smittem’ 
and is further treated on the cleaner jig. The bed 
products of the first two or three cells are also drawn 
off and pass together with the hutch product to the 
cleaner jig. The chats or included mineral particles, 
usually from the last hutch and the last two or three 
beds, are drawn off and reground before further treat- 
ment.” 


and ‘cleaning’ 
a preliminary 


‘roughing’ 


Loss of Fine Mineral in Jigging 


A feature of Joplin jigging which always impresses 
the visitor is the unusual practice of treating an un- 
graded or mixed feed, ranging in size from ‘% in. to 
dust. Another point is the large amount of water used 
in transporting the material through the jig. Both of 
these features undoubtedly contribute to the loss of 
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fine and slime mineral in the jig tailing and have an 
unfavorable effect on the efficiency of the jig. 

Through its investigations on jigging ungraded feed, 
the Bureau of Mines has shown very definitely by 
screen analyses and assays that the fine grades are the 
richest in zinc and cause the greatest losses. Thus in 
a jig feed of free sheet-ground ore averaging 1.13 per 
cent zinc, the portion minus 200-mesh amounted to only 
3.28 per cent of the whole, but it had an assay value 
of 5.77 per cent zine and represented 16.81 per cent of 
all zine in the feed. Quite naturally, under the pre- 
vailing operating conditions, this fine material largely 
remained in the tailing, a screen analysis of which 
showed 3.62 per cent minus 200-mesh material, assay- 
ing 4.5 per cent zinc and representing 32.26 per cent 
of the zinc in the tailing. Even in the dewatered tail- 
ing, from which the fine mineral is supposed to have 
been removed by screening before the oversize goes to 
the dump, there was 1.09 per cent of material finer 
than 200-mesh, assaying 4.20 per cent zine and repre- 
senting 12.12 per cent of the total zinc going to the 
dump. 

This condition of slimy feed is emphasized even more 
strongly in the case of a “chatty” ore, where the min- 
eral is not so free as in the preceding case. Where the 
average jig feed of such an ore assayed 1.99 per cent 
zinc, there was 12.43 per cent of material finer than 
200-mesh assaying 2.25 per cent zinc and representing 
14.13 per cent of the total zine in the feed. The jig 
tailing before dewatering contained 10.03 per cent 
minus 200-mesh material assaying 1.45 per cent zinc 
and representing 16.7 per. cent of the total zinc in the 
tailing. The dewatered tailing contained 3.79 per cent 
of material finer than 200-mesh, assaying 1.4 per cent 
zine and representing 6.5 per cent of the total zinc lost. 

These examples are typical of general conditions and 
point clearly to one source of preventable loss. An ob- 
vious remedy is to deslime the jig feed, thereby im- 
mediately removing part of the pulp suitable for table 
concentration and leaving a clean coarse feed for the 
jig. Another reason for desliming before jigging is 
that the screening of jig tailing for recovery of fine 
mineral is quite inefficient. 


Inefficiency of Screening 
A typical example will be taken from the Bureau of 
Mines report, with reference to a 1.5-mm. screen. 


Weight of undersize passing through screen 
Efficier 
Total weight of undersize in feed to screen 
Screen Product, Screen Feed, Screen ()versize 
Size Opening per Cent per Cent 
Over 1L.5n 80.1 87.5 
Thru 1.5 mr 19.9 12.5 
100.0 100.0 
80.1«12.5 
Weight of undersize in the oversize 11.44 
87.5 
19.9—11.44 
Screening efficiency : 42.51 per cent 
19 y 


The method of handling chats or middlings, material 
requiring regrinding in order to free the included min- 
eral, is not as logical or satisfactory as could be de- 
sired. Local custom dictates regrinding with rolls and 
generally a return of the product to the jig of origin. 
In some cases the more logical step is followed of re- 
treating the reground product over a separate jig. The 
latter plan offers a number of advantages, for the chats 
are an enriched product which will yield a higher re- 
covery if treated separately than when mixed with 


METALLURGICAL AND CHEMICAL ENGINEERING 








VoL. XV, No. 6 








original feed of lower grade. Further, separate treat- 
ment avoids the addition of more fine material to the 
rougher jig which, in the absence of desliming, is al- 
ready overburdened with fine and slime material. 


Table Concentration More Widely Practised 

The concentration of sand and slime pulps by recip- 
rocating tables has shown a marked improvement in the 
Joplin district in the last few years. The number of 
tables in use in a mill has increased, so that table 
capacity is more nearly proportionate to the tonnage to 
be treated. In accounting for the deficiencies of table 
concentration in Joplin it must be recalled that the 
operator has bent his efforts toward coarse concentra- 
tion on jigs and has done as little fine grinding as pos- 
sible. In times past it has been even a matter of pride 
with some operators to have as few tables in the mill 
as possible, in some cases none at all. In contrast to 
this condition is the present tendency toward better 


TaB_e I.—Resvcts or Tests or Taste Sections in Various MILLs 
Zine Zim 
Number Zine Content of | Content of 
Test of Tables Content of Concen- Tailing Percentage Character 
No in eed to trates Pro- From of Zine of Ore 
Operation Tables duced From Tables Recovered Treated 
per Cent Tables per Cr 
per Cent 
l l 6.35 8.0 , 75 43.8 Chat 
4 1 4.90 "2 153 71 brie 
3 2 2.95 4 6 13 55.5 Chatty 
4 2 455 57.4 1 70 67 0 Chatty 
5 2 4.70 57.0 15 6 0 Chatt 
6 2 3.12 45 1 69 1 Chatt 
7 2 4 30 56.2 135 70.2 Chatty 
8 5 65 57.1 1 62 73.5 Free 
Q 4 7.75 57 2 2.25 73.9 Free 
10 } 75 52.8 1.20 6 5 Chatty 
11 ; 6.75 “6 155 70 4 bree 
12 5 4 35 42.0 1 30 74 Chatty 
13 ( } 05 59 3 119 71 Free 
l4 7 465 55 0 1 42 | Chatty 


classification, provision for uniform table feed, and 
more extensive and efficient tabling. As in the case of 
jigging, more attention is being paid to regrinding mid- 
dlings, with treatment on separate tables instead of re- 
turning to the table of origin. 

Table feed is made up mainly of the fine material 
separated from jig tailing as it passes over the dewa- 
tering screen at the end of the jig. This pulp flows to 
settling boxes from which it is later pumped to the 
classifiers and tables. In some cases a sand-slime sep- 
aration is made mechanically, as with Dorr classifiers. 
after which the sand is hydraulically classified into 
several products and the slime thickened in Dorr thick- 
eners prior to tabling. Flotation is being adopted in 
some instances for the treatment of slime tailing. 

The efficiency of table concentration varies with the 
ore, i.e., whether “free” or “chatty,” being higher for 
the first type and lower for the second. From the de- 
tailed study made by the Bureau of Mines, previously 
mentioned, we select Table I to illustrate this point. 


Slime Losses in Table Concentration 


Losses in table concentration as determined by screen 
analyses and assays of tailings show plainly the detri 
mental effect of slime; and this, in turn, suggests the 
need of better classification to relieve sandy pulps from 
minus 200-mesh material. In a study of six tables 
treating a classified pulp, two of them handling slime 
finer than 200-mesh, the percentage of that grade i: 
the feed to each table ranged from 9.7 to 91.2, and th: 
loss of zinc in the tailing was contained, for the most 
part, in that size. Owing to poor classification the pul; 
going to sand tables contained too much slime, whil: 
the slime tables were handicapped by receiving too thi! 
a pulp. The average zinc content of feed to all tables 
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was 3.95 per cent; of concentrates from all tables 59.3 
per cent; of tailings from all tables 1.19 per cent; av- 
erage percentage recovery 71.3. A screen analysis of 
total tailings from the six tables showed that 15.5 per 
cent of the material was minus 200-mesh, assaying 5.07 
per cent zinc and representing 65.78 per cent of the 
total loss in tailings. These results were obtained on a 
“free” ore; similar tests on a “chatty” ore showed the 
necessity of regrinding middlings. 

From these tests it is apparent that still further im- 
provement can be made in Joplin table practice by 
proper classification and sizing, suitable pulp density, re- 
treatment of middlings and mixed products, and atten- 
tion to the details of table operation. The newer mills 
are embodying many of these improvements, as will be 
pointed out later in a descriptive article. Further im- 
provement will come as technical knowledge is dissemi- 
nated and its benefits appreciated. 


Possibilities of Flotation 


In view of the evident importance of the slime prob- 
lem in Joplin, flotation is naturally considered as a solu- 
tion. A number of mills are now using this process in 
an experimental way with considerable success. At 
least one flotation plant has been built to retreat an old 
dump and other similar plants are in prospect. The 
Bureau of Mines studied this phase of Joplin milling 
and made a number of practical tests. 

The comparatively small capacity of Joplin mills and 
short life of the leases make it necessary to consider 
the quantity of material that might be available for 
flotation and the economy of installing a special plant 
for its treatment. Owing to the varying character of 
the ores, the amount of fine material produced in crush- 
ing is not a constant for all mills. Taking 65-mesh 

0.208 mm.) as a dividing line, screen analyses of tail- 

ings from several mills showed that the percentage of 
material passing that mesh ranged from 3 to 16, ac- 
cording to the ore and fineness of original crushing. 
Soft-ground ore yielded more fine material than sheet- 
ground, but the finest sizes of the latter showed a 
higher zinc assay than the former. If the mineral in 
material passing 35-mesh (0.417 mm.) should prove fine 
enough for flotation, it would appear that a sheet-ground 
mill of 300 tons capacity would produce about 15 tons 
of flotation feed per day, and this is considered about 
the smallest tonnage that would warrant an installa- 
tion. It might be found profitable to regrind part of 
the sand tailings in order to supply a suitable tonnage. 
The economy of the whole proposition would depend on 
the grade of the material, cost of operation and the 
market for concentrates. 

Actual experiments by the Bureau of Mines on the 
flotation of Joplin zine slime showed that “it is fairly 
easy to float the sphalerite from the gangue by using 
warm solutions and about 1 lb. per ton of any suitable 
oil, either from wood or coal distillation, and that 
acidity, although it does not seem to be necessary, al- 
lows the froth and tailings to separate more quickly. 
Cold solutions gave as high extractions as warm solu- 
tions, but the grade of the concentrates was not as high. 

“A scheme making use of rougher and cleaner units 
of flotation cells seems essential in order to get a high 
extraction and concentrates of acceptable grade. 

“In the experiments made in Joplin, the thickness 
(ratio of solids to water) of the pulp treated ranged 
from 1:3 to 1:7. In practice the most favorable ratios 
for different ores would, of course, have to be deter- 
mined by experiment. 

“In general, a mixture of sand and slime requires a 
denser pulp, whereas for a mixture consisting wholly of 
slime (finer than 200-mesh) a thinner pulp is desirable. 
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Thickening of the slimes from the Joplin district mills 
would be necessary, and could be accomplished by the 
use of Dorr thickeners or some other device that would 
give the flotation machines a uniform feed of constant 
thickness. 

“The addition of acid may not be absolutely essential 
for all the ores of the Joplin District, although the local 
tests showed that a small quantity of acid was of great 
help, especially in cleaning the concentrates.” 

Flotation will undoubtedly prove a profitable acces- 
sory process in Joplin mills, and its introduction should 
be encouraged in an experimental way until its peculi- 
arities are understood. If the possible improvements 
in jigging and tabling are carried out as indicated 
earlier in this article, there may not be the field for flo- 
tation at some mills which now are in need of a method 
of reducing slime losses. On the other hand the larger 
mills are likely to find a place for the process, while 
for retreating old dumps and slime ponds it is almost 
certain to be used to advantage. At the present time 
the Joplin district is regarded as offering opportunities 
to trained metallurgists who can see and improve the 
weak points in present practice; at the same time it is 
good advice to prospective reformers to study local con- 
ditions carefully, accept the successful features and 
make haste slowly in adopting radical changes. 


The Effect of Corrosion on the Ductility 
and Strength of Brass* 


BY PAUL D. MERICA. 


Investigation’ of the last few years has established 
the fact that brass will crack or fracture when exposed 
to the action of corroding agents, while at the same 
time under tensile stress, even when the value of this 
stress is much less than the ultimate strength or even 
the yield point of the material, as determined in the 
tensile test. 

It is well known that surface corrosion plays an im- 
portant part, even a necessary one, in the “season- 
cracking” of brass, and Jonson’ has carried out a num- 
ber of experiments, in which he has subjected brass 
test specimens to tensile stress in a testing machine, 
the specimens being at the same time immersed in a 
solution of concentrated ammonium hydroxide. He found 
that so long as the applied stress in these tests was 
not greater than the elastic limit of the material, the 
specimens did not fail, but when a stress was applied 
greater than this limit, e.g., from 20,000 to 40,000 lb. 
per square inch, cracks would appear after a few days, 
the specimen would yield continually and finally break. 

The effect of corrosion, at least of that caused by the 
action of ammonium hydroxide, on brass under stress, 
be it initial or due to external load, is to decrease the 
strength and also the ductility of the material, for it is 
a striking feature of such brass failures as occur, due 
to combined stress and corrosion, that they occur with 
little elongation; the brass does not display its usual 
ductility. 

Parallel to his stress-corrosion tests, Jonson ran ten- 
sile tests on specimens of the same materials, subjecting 
them to the same loads, but not at the same time to the 
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action of the ammonium hydroxide; such specimens did 
not fail after months of test. 

Furthermore, specimens were corroded with ammo- 
nium hydroxide and subsequently tested in tension, giv- 
ing quite normal results, such that it must be consid- 
ered that it is the simultaneous effect or action of 
tensile stress and corrosion (ammonium hydroxide), 
which produces failure in brass at stresses below its 
ultimate strength. 

It may here be noted that Jonson used only ammo- 
nium hydroxide in his tests; he draws, however, the 
conclusion that any corroding agent, even water, will 
in time produce the same effect of cracking. The 
admissibility of this further conclusion seems probable, 
but is not to be regarded yet as proven. 

The author wishes to advance an explanation for this 
rather striking phenomenon, of the combined action of 
tensile stress and corrosion on brass, indicating the 
actual manner or “mechanism” by which this effect is 
produced, in the hope that this explanation will con- 
tribute to progress in dealing with this important 
technologie problem. 

The initial effect of corrosion on any metal, stressed 
or unstressed, is to roughen the surface, such that in 
section it appears with ridges or furrows. This non- 
uniform action of the corroding agent is due to slight 
variations of the electrolytic (solution) potential over 
the original (smooth) surface; in the case of a non- 
homogeneous alloy such as an alpha-beta brass—type, 
60 per cent copper and 40 per cent zinc—a difference of 
potential would in general exist between the alpha and 
the beta constituents. If the corroded bar were under 
tensile stress, the value of the fiber stress at the sur- 
face would, theoretically at least for a long bar, be the 
same at all points; this can no longer be true, however, 
of the roughened surface. 

Leon’ has shown that the stress at the bottom of a 
semi-circular notch, in a tensionally stressed bar, is 
twice that of the average stress for the section, and 
that for sharper notches the stress might, at least for 
hard rubber, be as much as five times the average 
stress. The stress at the free edges of the notch is 
under such circumstances practically zero. The fiber 
stress along the roughened surface will, therefore, vary 
in value between zero, at the tops of the small ridges, 
and a value, at the bottom of the furrows, much larger 
than that of the average stress. 

Now the electrolytic potential of a metal or alloy is 
increased’, i.e., made more electropositive, by the appli- 
cation of a stress; the results of some measurements and 
further discussion of this effect of stress on the solu- 
tion potential will be given later on. 

It is therefore evident that after the formation of 
the furrowed or roughened surface on the brass speci- 
men under tension, the e.m.f. will be greater at the 
bottom of the small nicks or notches than on the side 
of these notches immediately adjacent. Other things 
being equal, corrosion will therefore be more severe 
at the bottom of these notches than elsewhere, and the 
notches will grow inward, becoming sharper and 
sharper, quite in contrast to their behavior when un- 
corroded, since in a ductile material such notches tend 
to flatten or smooth out under tension, thus reducing 
the local fiber stresses at these points. 

In fact, Heyn’ finds that the behavior of a notch in 
a bar under tensional stress distinguishes brittle from 
ductile material. The notch in a ductile material tends 


einer halbreisfOr- 
fiir den offentlichen 


Spannungsverteilung' in 
migen Kerbe, Osterreichische Wochenschrift 
Baudienst, Vol. 29, 1908, p. 43. 

‘” Hambuechen, The Corrosion of Iron, Bull 
1900, No. 8 

T. Richards and Behr, The e.m.f. of lron Under Various Condi- 
tions, Publ. Carnegie Inst., 1906, No. 61. 


‘Leon, t'ber die 


Univ. Wisconsin, 


AND CHEMICAL 


ENGINEERING VoL. XV, No. 6 


to smooth out, whereas in the brittle material it be- 
comes sharper and narrower under tension, finally 
causing fracture Thus the effect of corrosion under 
stress is to favor the growth and narrowing down of 


cracks and to cause an apparent brittleness of the 
brass. 


MEASUREMENT OF THE ELECTROLYTIC 
BRASS UNDER STRESS 


POTENTIAL OF 


The increase of electrolytic e.m.f. of a simple metal 
to a solution (containing ions of the same metal) due 
to the application of a stress may be calculated* from 
the consideration that the increase of e.m.f. of a system 
is proportional to the increase of free energy, and that 
for isothermal, reversible processes the increase of free 
energy of a system is equal to the amount of work 
done on it. 

The application of stress of values below the true 
elastic limit is a reversible process and can be carried 
out isothermally 

Considering, for the purpose of simple and approxi- 
mate calculation, that brass is a simple metal of equiv- 
alent weight equal to 

63 + 65 


99 


a stress of 25,000 lbs. sq. in., applied isothermally to a 
brass rod, having a modulus of elasticity of 15 x 10° 
lbs. per sq. in., and a density of 8, should produce an in- 
crease of e.m.f. equal to 
work (in ergs) equivalent weight « 10 
96,500 
980 


density 
25,000 25,000 1,000 
2 15,000,000 14.2 
96,500 

0.000006 volts. 

With greater stresses and after plastic yielding had 
commenced, an increase of 2 millivolts might be ob- 
tained, assuming that one-half of the energy of defor 
mation is potentialized. 

Some measurements have been made of these quanti- 
ties, with, however, contradictory results. 

Hambuechen (loc. cit.) finds for brass—composition 
of the brass and of the electrolyte not stated—an in 
crease of 0.3 millivolts at the elastic limit, and an in 
crease of about 4 millivolts at the point of rupture. For 
iron and steel] he finds much larger values. 

Both Walker and Dill and Richards and Behr, on 
the other hand (loc. cit.) come to the conclusion that, 
although there is an increase in the e.m.f. of iron (the) 
did not work with other metals) caused by application 
of stress up to and beyond the elastic limit, it is so 
small as to defy measurement. They explain Ham 
buechen’s results on iron as having been due to the 
hydrolysis of the ferric salt, which he used as ele 
trolyte. 

In the measurements made by the author use was 
made of two electrodes of the same material, and in the 
same condition. One of these could be stressed, the 
other served as a comparison electrode, measurement 
being made in each case of the difference of potentia! 
between the two. 

These were immersed side by side, in a solution con- 
tained in a large glass tube, with stopper at the bo! 
tom, the solution being contained between a layer of 
paraffin below (to which was sometimes added a slight 
amount of carbon tetrachloride) and a layer of a trans- 
former oil above These precautions were taken to pre- 
vent oxygen from the air from affecting the e.m.f. 

‘Ee. Heyn, Materialienkunde, p. 376. 


*Walker and Hill, The Effect of Stress on the e.m.f. of Soft I) 
Trans. Amer. Electrochem. Soc., Vol. VII, 1907, p. 153. 
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The arrangement is shown 
in the sketch, Fig. 1. The 
potential measurements were 
made by a potentiometer. It 
was found necessary to protect 
the electrodes from light dur- 
ing measurements by wrapping 
black cloth around the con- 
tainer. 

The material used in the 
tests was a homogeneous alpha 
brass of the following composi- 
tion: 


Copper . 67.5 % 
Zinc ... 32.5 % 
MS Fd Wet Reed eG % ¥4 ——— 
Lead ... tee eeees 0.06% 
ae awe 0.02¢; 
Manganese — - 


which was most kindly fur- 
nished by the American Brass 





stressed electrode ( « ) 


°o 
- 
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e.ectrolyte 





paraffine 

















FIG. 1—DISPOSITION OF 
ELECTRODES 


Co. in the form of %%4-in. rods. 
Before the tests, this material 
was annealed at 400 deg. C. for 
n hour in order to relieve any 
nitial stress, and the surface 
thereupon prepared by light 
rubbing with fine emery paper, 
tollowed by etching with nitric 
acid, washing and drying. 
The test procedure consisted 
placing the specimens in 
position, with the electrode (a) 
inder zero stress, noting from 
time to time the e.m.f. between 
a) and (b), then applying a 
stress, in units of 10,000 Ib. per 
square inch, again noting dur- 
ing a certain period of time the 
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FIG. 2—THE E. M. F. OF STRESSED TO UN- 


STRESSED BRASS IN 
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FIG. 3—THE E. M. F. OF STRESSED TO 
UNSTRESSED BRASS IN A SOLU- 


TION OF N ZnSO,. 


bar under The + sign indicates that the stressed 


stress is electropositive to the comparison elec- bar is electropositive to the comparison 
trode 





electrode 





e.m.f., removing the stress, noting the e.m.f., reapply- 
ing the stress, etc. The results of these measurements 
are best studied in the form of a curve, giving the e.m.f. 
as a function of the time, a change of stress being noted 
on the curve. Two such curves showing typical results 
obtained are given in the Figs. 2 and 3. 

It is seen that there is a small but unmistakable in- 
crease in the e.m.f., due to the application of stress, and 
that this becomes relatively quite large, in Fig. 2, when 
the yield point of the brass is reached. 

It is now to be noted that when a bar of metal is sub- 
jected to a tensile stress, a lowering of temperature 
takes place, and this lowering of temperature itself 
produces a momentary change in e.m.f., which often 
masks the permanent one. This effect can be noticed in 
the curves, and it is for this reason that the author 
adopted the method of holding the specimen at a con- 
stant stress for some time, and noting the e.m-f., in- 
stead of using Hambuechen’s method of continually in- 
creasing the stress during the course of the measure- 
ments. 

CONCLUSIONS 


It is believed that an increase in e.m.f. of alpha brass 
to solutions containing zinc and copper ions, caused by 
the application of tensile stress, has been indicated and 
measured. This amounted to about 0.2 millivolts for 
20,000 Ibs. per square inch (below the elastic limit) and 
to about 1 millivolt at the yield point of the material, 
30,000 lb. per square inch. 

This value is apparently much greater than would 
be calculated for elasczic stresses from thermodynamic 
considerations. It agrees well with values calculated 
for stresses above the elastic limit. The author does 
not wish at present to discuss this divergence, other- 
wise than to point out that the e.m.f. measured may be 
that at some point of the surface, e.g., at the bottom 
of a small notch, where the fiber stress is much greater 
than the average. In that case these results could be 
brought into agreement with thermodynamic theory. 

An explanation is given of the effect of corrosion on 
brass under stress, in decreasing the ductility and 
strength, and which is based upon this fact of the in- 
creased e.m.f., and therefore corrodibility of brass 
under stress. At the bottom of small furrows in the 
roughened surface the stress is greater than at ridges 
immediately adjacent; a galvanic couple is formed, and 
the bottom of the furrow only is corroded, forming in 
time a crack, which becomes narrower and sharper as it 
penetrates inward, finally so reducing the cross section 
that fracture occurs. 

This conception of the cause of the embrittling effect 
of corroding agents on brass under stress is borne out 
by the examination of samples which have been sub- 
jected to Jonson’s test. In such samples not one but 
several fissures appear, narrowing down and becoming 
microscopically fine as they penetrate farther and far- 
ther into the interior of the specimen. 

It may be noted in this connection that these fissures 
appear to favor the beta constituent and to avoid the 
alpha in a brass, such as manganese bronze, containing 
both of them. 

The question as to why brass should be so susceptible 
to this effect and not also iron and steel (apparently at 
least) cannot at present be adequately answered, not in- 
deed until further investigation has considerably in- 
creased our knowledge concerning the values of the 
stress-e.m.f. effect in these materials, the relative sig- 
nificance of this effect in comparison with other local 
e.m.f.’s (due to oxide and slag inclusions, etc.), the 
effect of the covering of corrosion product formed, and 
other points. 

Mther things being equal, the effect produced by a 
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corroding solution having a low conductivity will ap- 
parently be greater than that of one of high con- 
ductivity, since is allows greater prominence to those 
local stress e.m.f.’s between portions of the material 
immediately adjacent; it is known, for example, that 
nitric acid does not produce cracking in initially over- 
stressed brass in the manner in which ammonium hy- 
droxide or mercurous nitrate or chloride does. 


Bureau of Standards 
Washington, D. C 


Blast Furnace Products 
BY J. E. JOHNSON, JR, 

The products of the blast fi&nace may be divided into 
four broad classes, which in the order of importance and 
tonnage produced are steel-making irons, foundry-irons 
puddling irons, and ferro-alloys. These classes are each 
subdivided into several subclasses. Steel-making and 
puddling irons and ferro-alloys depend entirely upon 
their analysis in the ordinary elements for their quali- 
ties, but foundry irons are required to have certain 
physical properties also. These physical properties, as 
will be shown presently, depend upon their content of 
certain elements for which we have only recently begun 
to analyze, and, therefore, their qualities are commonly 
not specified in terms of analysis in these ‘elements, but 
in terms of analysis in the ordinary elements and physi- 
cal properties combined. These relations are complicated 
and difficult; they require an article to themselves, 
therefore, the present article will be confined to the de- 
scription of the other three classes of furnace products. 

The Controlling Elements 

The elements which are always present to some ex- 
tent and whose quantity controls the qualities of iron 
as regards chemical specifications, are the same as those 
given in the article on “burdening,” silicon, sulphur, 
phosphorus, manganese and carbon. In addition to 
these elements, there are present occasionally other ele- 
ments, chromium, nickel, arsenic, etc. 

In some of the earlier works on metallurgy, analyses 
of pig-iron were given showing appreciable quantities 
of calcium, aluminium and magnesium, but it seems safe 
in the light of our present knowledge to say that these 
were reported in error, since it is now absolutely certain 
that these elements are none of them reduced, or at 
least dissolved in the iron, by the action of the blast 
furnace, 

Steel Making Irons 


These may be broadly subdivided into two classes 
acid and basic, so-called from the fundamental nature 
of the steel-making process in which they are applied. 

In the acid processes, the lining of the steel-making 
vessel is silicious, and no bases such as lime or mag- 
nesia can be added to the charge because the presence 
of such bases would result in scouring out the acid 
lining of the furnace. The phosphorus cannot be re- 
moved except in the presence of a strongly basic slag, 
and these processes consequently do not remove any of 
the phosphorus in the original charge. Therefore, the 
phosphorus in the pig-iron must not only be as low as 
the desired phosphorus content of the steel, but must 
actually be lower because the phosphorus all remains 
while the other metalloids are almost wholly removed, 
and some of the iron is oxidized and lost in the slag 
during the conversion process, so that the weight of the 
steel produced is less by several per cent than that of 
the iron charged, and the constant quantity of phos 
phorus accordingly becomes a higher percentage of this 
reduced weight. 

In the basic steel-making processes, on the other hand, 
the lining of the vessel is made of basic or neutral ma 
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terials so that basic fluxes in sufficient amount may be 
added to the charge, and by the presence of these, the 
phosphorus may be removed down to almost any limit 
desired. 

The maximum limit for phosphorus in any ordinary 
steel is 0.09 per cent, and, therefore, the maximum 
phosphorus in acid steel-making iron is about 0.08 per 
cent. In many varieties of steel, the allowable phos- 
phorus is much lower and the phosphorus in the iron 
must be correspondingly lower. 

In basic steel-making irons, on the other hand, the 
phosphorus may theoretically rise to any percentage 
without preventing the conversion of the iron into good 
steel, and actually does rise to 2 per cent and over in 
some steel-making irons in regular use in European 
practice. 

No attention is paid to the carbon in any steel-making 
iron, either acid or basic, and it need not be mentioned 
again in connection with these irons. 


Irons for Acid Steel Making 


The three principal varieties of this are standard 
(acid), bessemer, acid open-hearth and “baby” bessemer. 


Standard Bessemer 


Up to a few years ago the acid bessemer process was 
the predominating process for the manufacture of steel 
in this country, but about twenty years ago the basic 
open-hearth process began to assume greater and great- 
er importance until now bessemer steel is relegated to a 
bad second in the race. Practically all rails were for- 
merly made of bessemer steel, but the superior quality 
which can be obtained with open-hearth steel has forced 
the abandonment of bessemer material for this service, 
and bessemer rails now made are only an insignificant 
portion of the total rail tonnage. The principal uses 
left for bessemer steel are for the manufacture of weld- 
ed steel pipe, for which it is distinctly better than open- 
hearth, and sheet bar for rolling into tin plate. Some 
bessemer billets for drawing into wire are also made. 
The phosphorus specifications in these different classes 
of material vary, but normally the upper limit is 0.09 
per cent so that the upper limit for the pig-iron for con- 
version into this steel is about 0.08 per cent. In some 
special cases higher phosphorus than this is permitted, 
and in many other cases somewhat lower phosphorus is 
specified. 

SULPHUR SPECIFICATIONS 


Sulphur, like phosphorus, is not removed at. all by the 
acid processes, and, therefore, the sulphur in the pig- 
ron must be somewhat lower than the amount desired 
in the steel for the same reason as given for the phos- 
phorus. As a general thing the sulphur specification 
tor standard bessemer iron is under 0.05 per cent. It 
renerally averages somewhat below this in good prac- 
tice, while in some cases the steel makers desire it some- 
what higher, though not much is said about this because 
sulphur has deservedly a bad name in the metallurgy of 
ron, 

SILICON SPECIFICATIONS 


The silicon in standard bessemer ordinarily runs 
from 1 to 1.5 per cent. This depends somewhat upon the 
bessemer practice and the class of steel being made. A 
certain amount of silicon must be present to give the 
heat required in the bessemer blow, while too much 
leads to excessive blowing time and too hot steel. 


MANGANESE 

The manganese requirements of standard bessemer 
are not very strict. Iron can be successfully used run- 
hing very low in this element, and it can also be used up 
to 1.5 per cent or even higher, but the manganese burns 


out during the blow, and combining with the silicon 
makes a very thin slag, the effect of which is to produce 
what the steel men call “sloppy heats,” and mangan- 
ese is not desired much above 1 per cent on this account. 
On the other hand, there is a growing belief in the steel 
business that the best steel cannot be made without the 
presence of a certain amount of manganese to prevent 
over-oxidation of the iron, and it is doubtful if an iron 
running 0.25 manganese, in the long run, would pro- 
duce as good steel as one running 0.75 per cent. 
Iron for the Acid Open-Hearth 

The quality of the product of the acid open-hearth 
furnace is in some way not fully understood better than 
that of the basic open-hearth for some purposes. Spe- 
cial forgings, springs, and especially steel castings can 
be made to much better advantage from this material 
than from the basic open-hearth, so it is considerably 
used in spite of its higher cost. In particular material 
of this kind the phosphorus specifications are always 
low, generally around 0.04, and not to exceed 0.05. The 
iron for this process, therefore, must be down to about 
0.03 or 0.035 in phosphorus to make the class of steel 
desired. 

SULPHUR 


The sulphur in this class of steel must always be kept 
low, usually below 0.04 per cent, and for this reason the 
sulphur in the iron must practically be no higher than 
the phosphorus, 0.03 to 0.035 per cent. 

SILICON 

The silicon specifications for this material are about 
the same as those for standard bessemer. The amount 
desired varies according to the practice and the con- 
ditions. Sometimes it goes as high as 2 per cent, but too 
much silicon requires a greater length of heat, and is, 
therefore, not desirable. 

MANGANESE 

Manganese specifications are not commonly given for 
this class of material. The considerations which con- 
trol are very similar to those in the bessemer process, 
but the danger from sloppy heats does not exist and, 
therefore, the manganese can go somewhat higher than 
the acid open-hearth without being objectionable. 

Iron for the “Baby” Bessemer 

This process is only used in the production of steel 
castings, especially those of small size, and for this pur- 
pose the steel must be very hot in order to pour well into 
small moulds. Large heats of steel cannot be handled 
because it would be impossible to pour them quickly 
enough into a great number of small moulds, therefore, 
the bessemer vessel used is a small one, normally of 
about two tons capacity. In order to obtain the high 
temperature necessary, the converter is almost always 
side blown instead of bottom blown. Phosphorus speci- 
fications are practically the same as in the acid open- 
hearth, 0.04 or 0.05 and under. The loss is considerably 
heavier in this process than in the acid open-hearth, and, 
therefore the phosphorus tends to rise much more in the 
conversion so that the phosphorus in the iron must be 
at least as low as in the acid open-hearth, 0.03 or 0.035 
per cent and under. 

SULPHUR 

The sulphur specifications for this iron have to be 
more rigid than those for the acid open-hearth because 
the iron must be melted in a cupola for introduction into 
the converter, and always picks up an objectionable 
quantity of sulphur in this remelting so that it is very 
difficult for the steel founder to meet the rigid sulphur 
specifications without having a very low sulphur iron to 
begin with. Therefore, iron for this process is desired 
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0.025 or under in sulphur, though it may be accepted 
as high as 0.035. 
SILICON 
In order to give the high temperature desired, iron 
for this process must have a high silicon content, never 
less than 2 per cent, and ranging up to 3 per cent and 
over. The burning o: this silicon in the converter sup- 
plies the heat necessary to bring about the high tem- 
perature desired. 
MANGANESE 
There are no manganese specifications for this iron. 
Much of it is made and used very low in this element, 
being made from magnetite ores, but it is extremely 
doubtful whether this is as desirable as an iron con- 
taining a considerably larger quantity of this element, 
for the reasons already given. 


Iron for Basic Steel Making 

The basic processes for making steel are in a broad 
way similar to the acid processes except as to the char- 
acter of the vessel-lining used, the vessels used being 
the bessemer converter and the open-hearth furnace as 
in the acid processes. The “baby” bessemer is not used 
with a basic lining for reasons not pertaining to the 
blast furnace, so they need not be discussed here. 

When a basic lining is used, a condition is brought 
about altogether different from that involved in the use 
of the acid processes. In the latter the presence of 
silica, caused by the oxidation of the silicon in the iron, 
makes no difference because the lining of the vessel 
being acid, this silica has no effect upon it, but in the 
basic process this silica attacks vigorously the basic 
lining of the vessel even in spite of the bases added to 
the charge. The more silicon there is in the iron, the 
more silica is produced, and the more extensive is the 
damage done by its inroads on the lining, therefore, the 
first consideration in irons for basic steel making is 
that the silicon shall be low. This, however, brings 
about other conditions, especially in the basic bessemer 

The heat necessary to raise the temperature of the 
molten iron to that of molten steel, some 400 de- 
grees F., is derived principally from the oxidation of the 
silicon since the oxidation of carbon to CO, the chief 
product of its oxidation in the converter, generates but 
little heat above that required for heating the products 
of combustion, and the nitrogen which accompanies 
them, to the necessary temperature. A greater amount 
of heat is required in the basic bessemer process than in 
the acid, and when we lower the silicon our principal 
fuel for the production of this heat is discarded; this 
must, therefore, be made up by other fuels. The only 
ones available commercially are phosphorus and man- 
ganese, consequently irons for the basic bessemer 
process require phosphorus to the extent of 2 per cent 
or over, or when this is not available, manganese can 
be substituted for it to some extent. This process for 
making steel is not in use in the United States, and com- 
plete data concerning the latest practice in regard to 
it are not available. 


Iron for the Basic Open-hearth Process 


The principal specifications in regard to this iron are 
those in regard to silicon and sulphur. 


SILICON 
This element is always desired below 1 per cent for 
the reason already explained, and the universal speci- 
fication for merchant iron of this kind is silicon 1 per 
cent and under, but when the steel works operate their 
own furnaces, they take iron running as high as 1.20 
in silicon, In general, however, the iron supplied to the 


basic open-hearth furnaces average about 0.75 to 0.90 
per cent silicon. 


It is not produced to average much 
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lower than this because with this amount the destruc- 
tion of the furnace linings is not very severe, and it is 
practically impossible to produce regularly iron with 
lower silicon without either increasing the sulphur or 
the coke and limestone consumption of the blast furnace. 
SULPHUR 

The universal specification for merchant basic iron is 
sulphur under 0.05 per cent. Steel works take iron from 
their own furnaces up to 0.06 per cent. Part of the 
sulphur is removed by the basic slag, and there is no 
difficulty in making steel with sulphur 0.03 and under 
out of iron with sulphur 0.06. Nevertheless, if too 
much sulphur requires to be removed the cost of con- 
version goes up, consequently the specifications are held 
to the limits given. 

PHOSPHORUS 


The specifications in regard to phosphorus for basic 
open-hearth iron are very broad. Iron with bessemer 
phosphorus is sometimes used, and on the other hand, 
iron with phosphorus to 1.85 per cent is successfully 
converted into good steel. In this country many of the 
irons made in the South contain from 0.85 to 1 per 
cent phosphorus. These are successfully used in the 
basic open-hearth furnaces, but they are not regarded 
so favorably by steel makers as irons containing 0.3 to 
0.4 per cent phosphorus or lower, since when the phos- 
phorus rises above these limits the heats are apt 
to require longer for complete dephosphorization; this 
runs up the cost of conversion and so is very objection- 
able to the steel maker. Where the phosphorous rises 
much above one-half per cent, phosphoric acid becomes 
an element of appreciable importance in the open-hearth 
slag, and this being in the form of phosphate of lime 
may be made to give the slag a commercial value so that 
what was a liability may become an asset, but this sub- 
ject can be better treated in connection with the duplex 
process, 

MANGANESE 

The manganese specifications for basic open-hearth 
iron are about as broad as the phosphorus specifications, 
iron being used from that only having a trace of man- 
ganese up to that having one and one-half per cent or 
more. Formerly but little attention was paid to this, but 
in recent years steel makers have come increasingly to 
believe in the protective action of the manganese in pre- 
venting the over-oxidation of the iron, and the tend- 
ency is consequently to specify manganese 0.15 per cent 
or higher. 


Iron Used in Compound Processes for Steel Makin« 


In a conversion of iron into steel, the bessemer process 
has the advantage of large tonnage per unit of steel 
making capacity, and, therefore its plant cost is ver) 
low. The open-hearth process, on the other hand, has 
the advantage of better quality of material produced 
and of considerably smaller conversion losses because 
the oxygen for oxidizing the metalloids of the iron is 
supplied to a very considerable extent by iron ore 
charged into the furnace, and the iron of this or 
passes into the bath and increases the yield. This is 
particularly true in regard to the removal of phosphorus, 
since the loss involved in doing this in the basi 
bessemer conversion is very high, 15. to 18. per cent. 

In order to obtain the advantage of both processes 
attempts have been made at various times during th: 
last forty years to use one type of furnace for one por 
tion of the operation and the other type for the ré 
mainder, transferring the metal from one furnace t 
the other. These combined processes known as du- 
plexing or triplexing, according to the number of fur 
naces used, were never very successful until the de 








velopment of the enormous ladle handling cranes of 
the present day made the transfer a matter of a few 
minutes, and effected it in such large masses of metal 
that the heat losses were insignificant. This develop- 
ment has occurred only within the last few years so 
that the evolution of the compound processes for steel- 
making is by no means complete. 

The iron for these processes has the least rigid speci- 
fications of any. Phosphorus may be present in any 
amount, and quite high sulphur can be eliminated with- 
out much expense. The silicon is eliminated in an aci@d- 
lined bessemer converter, so does no harm unless 
present in excessive amounts, when it merely increases 
the time required for blowing. This adaptability to a 
wide range of irons is one of the causes that has brought 
about the introduction of the duplex process so rapidly 
in the last few years. 

SILICON 


The silicon for this process is generally desired about 
the same as that in the bessemer process, because not 
only is the silicon eliminated in the bessemer converter, 
but the carbon is commonly blown down to between 
0.15 and 1 per cent, so that the iron is converted into 
steel, except for the phosphorus, which is still in the 
material and remains to be eliminated. The silicon is 
wanted about the same as in the bessemer, so as to 
vield the heat to keep the metal molten at the high 
temperature corresponding to the removal of the car- 
bon, about 1.20 to 1.50 per cent. This is the easiest 
and cheapest iron there is to make from the furnace- 
man’s point of view, and this adds to the commercial 
desirability of the duplex process. 


PHOSPHORUS, MANGANESE AND SULPHUR 


Specifications for these are virtually the same as 
for basic open-hearth iron, and the same general con- 
siderations hold in regard to them. There enters at 
this point, however, the condition mentioned earlier 
concerning phosphorus. 

The duplex process enables the slag resulting from 
oxidation of the silica to be separated entirely from 
that arising from the oxidation of the phosphorus. As 
a result the phosphoric acid in the slag can be raised 
to a very much higher percentage with this process than 
with the straight open-hearth process. 

When a considerable percentage of phosphorus is 
present, the process may be so manipulated as to raise 
the phosphoric acid to a point where the slag becomes 
a commercial asset valuable in proportion to its content 
of this substance, and under these conditions it may 
well be that high phosphorus is more desirable than low, 
because it permits the production of a higher grade or 
a greater quantity of slag, valuable as fertilizer. I 
have no knowledge of cases in which the phosphorus has 
been deliberately raised on this account, but a condition 
in which this would be might easily arise, iron contain- 
ing less than 1 per cent of phosphorus can be so handled 
for conversion into steel that a commercial fertilizer of 
very important value is recovered. 


Iron for Puddling 


This variety of iron was formerly of great impor- 
tance, as puddling represented the sole means of con- 
verting cast iron into a forgeable product: wrought 
iron, and all the standard products now made of steel, 
such as rails, plates, structural material, wire, etc.,; 
were at that time made of puddled iron. This process 
has, however, in recent years declined to an insignifi- 
cant fraction of its former greatness, due to the greater 
cheapness with which steel can be produced and the 
superiority of that material for most purposes. 

In spite, however, of the predictions to the contrary, 
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wrought iron has not died out altogether, but has, on 
the contrary, in recent years rather arisen in public 
esteem for certain purposes. Its weldability is admit- 
tedly greater than that of steel, and for most forging 
purposes it is much preferred to steel on that account. 
Certain rolled products, moreover, are preferred by some 
consumers when made of wrought iron rather than 
steel. This is notably true in regards to materials which 
are required to resist rust, especially sheets for roofing 
and siding purposes and welded pipe. The makers of 
these products in steel have waged a vigorous warfare 
against the conviction that wrought iron was better, 
but these products continue to be made of wrought iron 
and sold at a price considerably higher than that of 
the steel products. 

The specifications for “forge’ 
and not very definite. 


iron are rather broad 


SILICON 
Iron puddles more easily when the silicon is low, but 
some of the best grades of puddled iron have always 
been made of comparatively high-silicon iron, No. 2 
foundry. The “gray forge” iron, which was the estab- 
lished grade for puddling purposes in the old days, ran 
from about 0.75 to 1.25 per cent silicon. 
SULPHUR 
The sulphur specifications for this iron are not at all 
strict. Sulphur exercises a less objectionable influence 
on wrought iron than on steel, and it is probable that 


the sulphur in the gray forge of the old days ran ordi- 
narily between 0.04 and 0.08 per cent. 


PHOSPHORUS 


This iron is notable from the fact that it is desired 
to contain a certain amount of phosphorus, about 0.3 to 
0.4 per cent, and where it is made at the present time, 
open-hearth slag or some similar material contdining 
phosphorus is charged if necessary to raise the phos- 
phorus up to this point. Most of the phosphorus dis- 
appears in the puddling process, though good puddled 
iron may contain as much as 0.2 per cent of this 
element. 

MANGANESE 


There are no particularly definite specifications for 
manganese in this iron, but it is understood that the 
best results are produced when there is a moderate 
amount of this element present, between 0.5 and 1 per 
cent. 

CARBON 


With this iron, as with the steel-making irons, no 
attention is paid to the carbon. 


Ferro-alloys 


Various alloys of iron with other elements are made 
in the blast furnace. Formerly it was the only means 
for doing this, but the developments of recent years 
have shown that certain alloys can be produced to better 
advantage in the electric furnace, and that some others 
can be produced therein which the blast furnace cannot 
produce at all. This has to a certain extent narrowed 
the field of the blast furnace in regard to ferro-alloys. 


MANGANESE ALLOYS 


There are two of these, spiegeleisen and ferroman- 
ganese varying from each other only in their percen- 
tage of manganese. The former was the earliest de- 
veloped and was largely used in the days of the besse- 
mer process, especially in rail manufacture; it has been 
very largely superseded in recent years by ferroman- 
ganese. 

Spiegeleisen takes its name from the fact that the 
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manganese carbide forms in large flat flakes, half as 
large as one’s thumb nail, which shine like mirrors in 
the face of the broken pig. Spiegeleisen contains from 
15 per cent to 30 per cent of manganese, depending 
principally upon the amount of the element present in 
the ore from which it is made. 

The amount of carbon in this alloy varies from 42 
per cent. 

No attention is in general paid to the silicon in this 
material, although in some cases a special product, high 
in silicon—6 or 8 per cent—as well as in manganese, is 
produced. This is known as silico-spiegel. 

Both these products should have as little phosphorus 
as possible. The bessemer limit is usually specified for 
them, but they may be used containing higher percen- 
tages if it suits the conditions of the steel maker in 
other respects; that is, if the phosphorus in his raw 
steel is low enough to stand the additional quantity 
brought in by the spiegel, and the price at which he 
can buy it is low enough. 

Ferromanganese.—The standard alloy of this name 
contains 80 per cent manganese, about 5 to 642 per 
cent carbon. No attention is paid to the quantity of 
silicon. Phosphorus is permitted up to about 0.2 per 
cent in ordinary practice, the larger quantity being 
allowed on account of the fact that the weight of the 
ferrosilicon used is much smaller than that of spiegel, 
owing to the difference in the manganese contained. 

Ferromanganese is often made containing smaller 
percentages of manganese than that given. The alloys 
still go by the name of ferromanganese when the latter 
element is as low as 40 to 50 per cent, but this is not as 
desirable, since this allow is introduced in the solid 
condition sometimes preheated into the molten steel 
running from the converter or open-hearth furnace into 
the ladle. It is desirable that the amount of metal so 


to 5 


introduced shall be as small as possible, so as to produce 
its chilling action on the bath and increase the certainty 


of its uniform distribution through the metal, and 
obviously the higher percentage of manganese in the 
ferro the smaller weight required. 

These are very largely the same considerations which 
have brought about a substitution of ferro for spiegel. 
When the latter is used, the quantity required is so 
great that it cannot be introduced solid, but must be 
melted in a separate cupola and run into the ladle as a 
liquid. This is more trouble and is out of the question 
when low-carbon steel is to be made, because the quan- 
tity of carbon in proportion to the manganese is three 
or four times as high in spiegel as it is in ferro, and 
in order to introduce enough manganese into the steel 
with the former, more carbon would be simultaneously 
introduced than could be tolerated for some purposes. 


FERROSILICON 


There are two varieties of this material, blast-fur- 
nace and electric-furnace. In the latter, there are very 
high percentages of silicon—from 50 to 80 per cent, 
but these products cannot be made in the blast furnace. 
Blast-furnace ferrosilicon is practically never made 
with any more than 15 per cent silicon. The silicon in 
the ordinary grades varies from 8 to 14 per cent. 

This alloy is notable for the fact that carbon is kept 
out of the iron by the rise of the silicon, as previously 
described. This action begins with about 4 per cent 
silicon. When this point is reached the carbon de- 
creases to the point where the graphite flakes, instead 
of appearing continuous in the fracture of the iron, are 
separated by areas of white, and this action continues 
as the silicon rises. 

The reduction of carbon and increase of silicon gives 
the iron a sort of greasy look, and irons containing 
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from 4 to 8 per cent silicon are called silvery irons, 
because their color is much lighter than that of normal 
irons. These irons are to some extent regularly made 
for foundry purposes, foundrymen using them to raise 
the silicon in a mixture otherwise too low. For such 
uses, of course, the phosphorus specifications are unim- 
portant, but most of this is used in certain methods of 
steel manufacture, and therefore requires to be below 
the bessemer limit in phosphorus. 
No particular attention is paid to the manganese in 
this metal. 
FERROCHROME 


Ferrochrome was formerly made in the blast fur- 
nace, but never as far, as I am advised, in America. 
[ am informed on good authority that the maximum 
amount of chrome that could be introduced into the 
iron was 30 per cent, no heat obtainable being sufficient 
io raise it higher than this. The introduction of the 
electric furnace has brought about the production of 
alloys much higher in chrome and correspondingly more 
desirable, so that the blast furnace no longer competes 
in this field. 


Statistics of Chilean Nitrate Industry 


The nitrate of soda manufactured in Chile during 
the month of June, 1916, amounted to 5,153,701 Spanish 
quintals of 101.4 pounds, against a production of about 
5,353,900 quintals in May of this year, 2,613,976 quintals 
in June, 1915, 5,752,929 quintals in June, 1914, and 
5,101,301 quintals in June, 1913, according to Commerce 
Reports. Exports totaled 4,217,810 quintals, against 
5,143,500 quintals in the preceding month, and ship- 
ments of 3,866,168 quintals in June, 1915, 4,053,186 
quintals in June, 1914, and 3,649,624 in June, 1913. 

These figures show that production and exportation 
are still on a large scale though not at maximum. At 
present exportations are materially influenced by the 
amount of ocean tonnage available. 

For the twelvemonth ending June 30, 1916, both pro- 
duction and exports were 70 per cent greater than in 
the preceding year, but fell somewhat short of the totals 
for 1913-14 and 1912-13, as the following summary 
discloses: 


1911-12 1912-13 1913-14 1914-15 1915-16 


Quintals Quintals 
4,001,243 57,715,614 
32,070,714 55,285,814 


Quintals 
54,572,065 


54,204, 


Quintals 
59.450, 462 
58. 492.375 


Quintals 
62,322,617 


58,751,291 


Production 
Exportation 
’ Europe and 
Egy pt 
To United States 
Rast coast 
West coast 


20. 017.77 
23,.454,.™4 
20 300, 8390 

+, 094, 00 


41,407,349 43,051,680 | 44.534 
10,9837 13,392,999 12,200,7 

9, 806,76 12,336,221 | 11,222 
1,086,933 1,056,778 1.068, 125 


16,939, 650 
13,437,418 
12,295,221 


1,142,197 


Prices in Chile have shown rather slight changes re- 
cent!y. For crdinary nitrate, cr 95 rer cent, the price 
has been around $1.77 per quintal for immediate de- 
liveries with prices $0.02 to $0.04 higher for later de- 
liveries. The difference between quotations for refined 
and ordinary grades has increased and is greater than 
has been ruling during the past year. For 96 per cent 
grade of nitrate the quotation has been about $1.90 
per quintal for delivery during early future months 
During the first part of July the market became less 
firm, and present prices are slightly lower than thos« 
just mentioned, though very few sales by manufacturer: 
are announced. 


Platinum in U. S. in 1915.—According to a U. 5 
Geological Survey report, crude platinum was producec 
in California and Oregon in 1915 to the extent of 741.9! 
oz. Platinum from refiners of platinum, gold, and cop 
per, was 8665 oz. of which 1587 oz. was domestic. 
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Features of the New Copper Smelting 
Plants in Arizona* 
BY A. G. MCGREGOR 


During the past five years five new copper-smelting 
plants have been built and put into operation in the 
State of Arizona. The monthly copper output from 
these plants averages from 5,000,000 to 18,000,000 Ib. 
Previously, there never was as much activity in the 
copper-smelting plant construction in the same length 
of time in all the rest of the world. 

Naturally, in this amount of work, some new prob- 
lems were met and new features in plant design and 
equipment developed. Some of these features are de- 
scribed in this paper. 


Concentrate Hauling, Unloading and Sampling System 


CONCENTRATE CAR 

The International Smelting Company has provided at 
its plant at Miami specially designed cars for hauling 
the concentrates from the mills of the Inspiration Cop- 
per Company and the Miami Copper Company. The car 
has a bottom that is readily made tight to hold flotation 
concentrates and is quickly and cheaply unloaded. Figs. 
1, 2 and 3 show views and details of the car. 

The main feature of this car is the slot in the bottom 
throughout its length, which is closed by means of short 
planks that overlap like shiplap as shown by Fig. 1. 
At one end of the car an iron gate operated by a screw 
and hand wheel is provided, which clamps or presses 
the planks together, making the bottom tight. A re- 
movable tapered plug rests vertically over this gate 
when the loading of the concentrates at the mill com- 
mences, 


A concentrate unloading pocket (Fig. 4) 180 ft. long 
is provided at the smelting plant, which has a conveyor 
belt running throughout its length underneath the track. 
To unload a car the vertical plug at the end of the car 
is lifted by means of a chain hoist which is supported 
by a trolley overhead. The gate at the end of the car 
is opened approximately 18 in. The removal of the plug 
leaves a hole down through the concentrates. The con- 
centrates are poked through the hole from the top of 
the car until it is convenient for a man to stand on the 
bottom of the car and draw one of the slats in the 
bottom toward the gate end of the car. The concen- 
trates are then raked down with hoes on their natural 
angle of repose, which is nearly vertical, until the next 
slat is partly uncovered, when it is pulled toward the 
gate end of the car. This operation progresses until the 
opposite end of the car is reached. The slats and the 
grooves supporting them are then carefully swept off 
and cleaned with a broom; the gate is screwed back, 
pressing the slats together, and the plug is lowered into 
place. The car is then ready to be taken back to the 
concentrator for another load. 


CONCENTRATE SAMPLER 


Fig. 5 shows diagrammatically the scheme used for 
sampling the concentrates. It will be noted that the 
conveyor from the unloading pocket discharges onto a 
shuttle conveyor (a tripper on the former conveyor 
could have been substituted for the shuttle conveyor, 
but it would not have handled the sticky concentrates as 
well). Buckets attached at their ends to chain belts 
are arranged to cut through the stream of concentrates 
as they are discharged onto the shuttle conveyor. The 
chains are driven and supported by sprocket wheels. 
The arrangement is such that at the highest point in 
their travel the buckets are in an inverted position. At 
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FIG. 1—6-TON CONCENTRATE CAR. FIG. 2—SECTION A-A OF FIG. 1. FIG. 3—GATE-OPERATING MECHANISM OF 
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FIG. 1—SECTION THROUGH CONCENTRATE UNLOADING 


POCKET 


a number of knockers, made of 6-in. belting, attached 
to it. These knockers slap the bottom of the buckets, 
jarring loose any concentrates tending to stick to them 
This arrangement works satisfactorily on ordinary table 
and vanner concentrates, but is not satisfactory with 
flotation concentrates on account of the varying load 
on the conveyor belt, the flotation concentrates being 
unloaded from the car in large shunks. 
BEDDING BINS 

Fig. 6 shows a cross-section of the bedding bins used 
in connection with the concentrate car and sampler just 
described. The bins are 150 ft. long and have a total 
capacity of 9000 tons of charge. The concentrates are 
delivered by belts from the car-unloading pocket to any 
one of the three conveyors passing over the bins. Each 
belt has a motor-operated tripper, which travels back 
and forth throughout the length of the bin. Each 
tripper is arranged with two cross-belts, which dis- 
charge material on both sides of the tripper, instead of 
the ordinary chutes that would clog with the sticky con- 
centrates. These cross-belts also permit of a wider top 
on the ore bed than could be obtained with ordinary 
chutes. The cross-belts of the tripper as well as the 
long belts running over the bins and all the other belts 
handling sticky concentrates are 
speeded to 400 ft. per minute, which 
aids in discharging the sticky mate- 
rial from the belt when it passes 
over the pulley at its head end or 


METALLURGICAL AND CHEMICAL ENGINEERING 








VoL. XV, No. 6 





of its travel by the reversal of its propelling 
motor through a magnet-switch control. The bins 
have “V” bottoms with a slot 2 ft. 4 in. wide running 
throughout their length. This slot is covered with 
short planks which are readily removed, and as the re- 
claiming progresses, they are merely moved back in the 
slot. The concentrates are raked down with hoes and 
allowed to discharge, through the opening in the bottom 
thus provided, onto the conveyor belts underneath. The 
concentrates are bedded in these bins with a proper 
amount of limestone and pyrite and the available sec- 
ondaries, each bin comprising a bed. Storage bins for 
storing finely crushed lime rock, secondaries, pyrite, 
etc., are provided and arranged so that the fine material 
from these bins is delivered by a conveyor and dis- 
charged just ahead of the concentrates onto the belts 
leading up over the bedding bins. The material next to 
the bedding belts, therefore, consists largely of finely 
crushed lime rock, which is a further aid in the dis- 
charge of the sticky concentrates from these belts. 


Roaster or Dryer Plant 


Figs. 7 and 8 show end and side elevations respectively 
of the International Smelting Company’s roaster or 
dryer plant. The main features of this plant consist in 
the method used for conserving the heat and in the 
placing of the Cottrell fume treaters directly above the 
furnaces. The roaster furnaces in this plant are used 
for drying the concentrates and are not used for roast- 
ing, as the charge contains no excess sulphur; in fact, 
it has been necessary to have some pyrite shipped in 
from Bisbee in order to raise the sulphur content of the 
charge sufficiently to prevent the production of mattes 
too high in copper for good clean slags. 

CONSERVATION OF HEAT IN FURNACE 

The furnaces are air-cooled. The cooling air, after 
passing through the furnace arms, is conducted up the 
central shaft to the top, thence down to the oil fireboxes 
connecting with the two lower hearths of the furnace. 
This gives preheated air for the combustion of the oil 
and conserves the heat absorbed by the cooling air. 
To further conserve the heat of the furnace, the linings 
are 12 in. thick. The outer 4 in. of lining, between 
hearths, is made of “Nonpareil” insulating brick. The 
manufacturers of these brick claim that 4 in. of their 
brick is equivalent in heat insulating value to 40 in. of 
ordinary brick. The tops of the calcine hoppers of 
these furnaces are insulated from the lower floor of the 
furnace building, just above them, by an air space 


The calcine hoppers have non-conducting lining consist 
ing of 2!» 


in. of Nonpareil insulating brick and a 1-in. 





the pulley of the tripper. An os- 
cillating deflector is so arranged 
that the material passing over the 
tripper is discharged, first, on one 








of the short cross-belts and then on 
the other. This is done to provide 
an even distribution of the mate- 
rial over the top of the beds, mak- 
ing the height of the bed on both 
sides of the tripper the same. The 
tripper is reversed at each end 






FIG. 5—ARRANGEMENT 
FOR SAMPLING CON- 
CENTRATES 
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eter and 15 ft. in length. They are 
flanged outward, or “Vanstoned” at 
each end, which reduces the brush 
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FIG. 6——-CROSS-SECTION OF BEDDING BINS 


layer of reinforced concrete. The reinforced concrete 
is to take the wear and erosion caused by the heated 
material inside the hopper, as the Nonpareil brick will 
not stand much wear or rough usage. 


COTTRELL DUST-COLLECTING SYSTEM FOR ROASTER AND 
DRYER FURNACES 


The Cottrell equipment for treating the gases from 
this plant consists of twelve units of twenty tubes each. 
The tubes are of lap-welded steel 13 in. in outside diam- 
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FIG. 7—END ELEVATION OF ROASTER AND 
DRYER PLANT, INTERNATIONAL SMELTING CO. 


directly up from the furnaces 
through the header flue, the 
tubes and the stacks, the gases 
rising continuously from the furnace hearths to the 
outlet of the stacks. 
Blast Furnace 

Fig. 9 shows a general end elevation of the blast fur- 
naces at the Calumet & Arizona Mining Company’s plant 
at Douglas. These furnaces are 40 ft. long by 4 ft. wide 
at the tuyéres. The ores and materials smelted in these 
furnaces are bedded so that the charge coming to the 
charge bins over the furnaces is thoroughly mixed. A 
coke bin and ore bin are provided on both sides of each 
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FIG. 8—SIDE ELEVATION OF ROADSTER AND DRYER 
PLANT, INTERNATIONAL SMELTING CO, 
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furnace. Each furnace has four charge cars, two on 
each side. The cars are 20 ft. long. When receiving 
a charge of ore or coke, the cars are resting on track 
scales. Each car has four compartments and the bins 
overhead have a gate corresponding to each compart- 
ment, so that the amount of charge for any part of the 
furnace can be regulated to suit the conditions. The 
car is propelled from the bins to the charging position 
at the furnace, a distance of 7 ft. or 15 ft. (according 
to whether a charge of coke or a charge of ore is being 
moved) by means of an electric motor geared to two 
wheels of the car. Fig. 10 shows a view of the charge 
car under the charge bins. 











FIG. 1O—-VIEW SHOWING CHARGE CAR UNDER BINS 


is carried into the beams by means of steel rods threaded 
at one end and flattened at the other. The flattened 
ends are riveted to the webs of the beams and a nut on 
the threaded end holds a lug against the bottom end 
of the jacket. 

It will be noted that the furnace tops and charge doors 
are of structural steel in the form of air jackets. An 
air space is provided between the inner and outer 
sheets of the furnace tops. The lower end of this air 
space connects with the outside air while the upper end 





SIDE ELEVATION OF BLAST-FURNACE PLANT, 
CALUMET & ARIZONA MINING CO., DOUGLAS 


The furnace side jackets are in one length, 16 ft. 6 
in. long and are 40 in. wide. It will be noted that the 
bustle pipe is combined with the truss or girder, which 
takes the outward thrust of the jackets at their mid- 
point. This simplifies the construction and gives more 
room around the bustle pipe for the water piping, etc. FIG. 11—VIEW SHOWING TUYERES AND BUSTLE PIPE, BLAS! 

Fig. 11 is a view showing the tuyéres and bustle pipe. FURNACE OF CALUMET & ARIZONA MINING CO., 

The bridge plates for the furnace bottoms are of DOUGLAS 
structural steel; 44-in. plates are riveted to 6-in. I-beams. 

The I-beams are spaced 12'% in. apart. The cooling of connects with the inside of the furnace top. The cool 
the bottom is effected entirely by the surrounding air. air is drawn in at the bottom and discharged at the top 
The I-beams riveted to the plates undoubtedly increase into the furnace gases going to the chimney, thus 
the effectiveness of the cooling. The I-beams support- suring a positive air circulation which keeps the sheets 
ing the bottom are also used for holding the outward of the air top properly cooled. The furnace charge 
thrust of the bottom ends of the jackets. This thrust doors are jacketed in a similar manner. 
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12—-SIDE ELEVATION OF REVERBERATORY FURNACE, INTERNATIONAL SMELTING CO. 
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SHOWING CHARGING ARRANGEMENT 





These furnaces have been in use for three years, 
smelting as high as 1400 tons of charge each per day, 
and no repairs or replacements have been made in fur- 
nace water jackets and no warping has taken place in 
the air-cooled tops. 


Reverberatory Furnaces 


Fig. 12 shows a side elevation of a typical reverbera- 
tory furnace at the International Smelting Company’s 
plant which has several features worthy of mention. 


FURNACE BOTTOMS 


It was especially desirable at this plant, on account of 
difficulties at another plant, to avoid any trouble with 
furnace bottoms in starting up. To accomplish this, 
broken slag was brought in railroad cars from the Old 
Dominion smelter and was melted in a small blast fur- 
nace, obtained by setting up a number of discarded 
furnace jackets and a motor-driven blower, on the site 
for the reverberatory furnaces. The molten slag thus 
obtained was conducted in launders to the foundations 
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CHARGING 





ARRANGEMENT 


of the reverberatory furnaces. Heavy concrete beams 
and struts were provided between the furnaces for tak- 
ing the thrust from the lower ends of the buck stays. 
Later, the spaces between the concrete struts and the 
beams were filled in with molten slag obtained from the 
regular operation of the reverberatory furnaces. The 
slag bottom was covered first with a 4-in. layer of 
fireclay and then a 27-in. layer of silica (94 per cent 
SiO.) crushed to minus 44 in. These bottoms gave no 
trouble whatever in starting up. 
FURNACE FETTLING AND CHARGING SYSTEM 

The method of charging, instead of fettling only, 
along the side walls of reverberatory furnaces, now so 
successfully used by the Canadian Copper Company and 
the Anaconda Copper Mining Company, was developed 
after the construction of this plant was well along. 
The plant was laid out for charge tracks running at 
right angles to the furnaces near the firing end. In 
order to distribute the charge along the sides of the 
furnaces, charge hoppers were located under the charge 
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FIG. 15—-END ELEVATION OF CALCINE CAR. 








FIG. 16—SIDE ELEVATION OF CALCINE CAR 
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tracks directly over the side walls 2 
of the furnaces. Drag-chain con- 
veyors were installed, one over ieee aS . 
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calcine car used at the Interna- 2... a 1} f ie" i 
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The feature of this car is the ar- 7 xe 
rangement used for reducing dust ; 
losses in receiving and discharging 
a charge. The car is equipped 
with four sliding sleeves in the i u 
top which are spaced to register 
with the discharge openings of the 















































calcine hoppers at the roaster 
plant. When the car is spotted 
under the roaster hoppers in its 
proper position, the sleeves are 
forced up against the calcine hoppers by means of 
levers on the side of the car. The operating lever 
flat spring steel so that the sleeve can be 
firmly pressed in contact with the flange at the bottom 
of the calcine hopper, and held there by a notch in a 
quadrant on the side of the car. The spring handle 
insures a good pressure between the sleeve in the top of 
the car and the flange of the calcine hopper regardless 
of the small variations in the distance between the top 
of the car and the calcine hoppers or any lost motion in 
the connection of the lever with the sleeve. An air vent 
is provided in the car made of fine woven wire mesh. 
Fig. 14 shows the sleeves in the top of the reverbera- 
tory furnace charge hoppers for receiving the charge 
from the calcine car. These sleeves are similar to the 
sleeves in the top of the calcine car. By pressing down 


FIG. 18 


is of 


PLAN OF INTERNATIONAL 


SMELTING CO.’S PLANT (A) 
CHARGING DEVICE FOR CONVERTER 


SILICEOUS ORE- 


on the lever, which is operated from the charge floor, the 
sleeve is forced up against the flange of the discharge 
spout of the car. Notches are provided in the lever 
which engage a catch and thus hold the sleeves in their 
upper position while the car is being discharged. The 
pressure of the handle is transmitted to the sleeve, as 
will be seen from the figure, through a helical spring, 
so that a good contact between the sleeve and the spout 
of the car is assured regardless of the lost motion and 
wear in the operating levers and the variations in the 
distance between the sleeves in the charge floor and 
the flange on the discharge spout of the car. 
BAFFLING IN WASTE-HEAT BOILERS 

By reference to Fig. 17, it will be noted that the 

header flue between the reverberatory furnaces and the 
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FIG. 17—-TYPICAL CROSS-SECTION OF THE INTERNATIONAL SMELTING CO.’S PLANT. 
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FIG. 19-——-CONVERTER PLANT, INTERNATIONAL SMELTING CO. 


waste-heat boilers, and the connections between the 
header flue and boilers are well up above the furnace 
floor level, giving ample head room for the convenience 
and comfort of the workmen; the bottom of the header 
flue is 10 ft. 6 in. above the furnace floor level. Also, 
it will be noted that the boiler-room floor level corre- 
sponds to the furnace floor level. This is made possible 
by reversing the baffling in the Sterling boilers so that 
the gases enter the front of the boiler near the top and 
leave the boiler at the rear near the bottom instead of 
as in the standard setting. 

This arrangement of baffling gives equally as good 
results from the standpoint of water circulation in the 
boiler, priming, etc., as the standard baffling. 


Arrangement of Converter Plants 
Southwestern practice is to have the converter plant 
adjacent to the reverberatory furnaces, arranged so that 
the reverberatory matte is received 


FIG. 20—-CONVERTER PLANT, INTERNATIONAL SMELTING CO. 


for the converters is drawn directly from bins over- 
head. Figs. 19 and 20 show a typical arrange- 
ment of bin, measuring hopper and chute for accom- 
plishing this operation. This particular arrangement is 
installed at the International Smelting Company’s plant. 
A weighing or measuring hopper is interposed between 
the overhead bin and the chute leading to the converter 
mouth. The hopper is mounted on springs and is con- 
nected by levers and links to an indicator readily seen 
from the operating floor. Any desired amount of charge 
can be weighed out into the measuring hopper and dis- 
charged into the converter, and this can be accomplished 
entirely through the operation of levers on the main 
floor of the converter plant. 


CONVERTER PLANT CRANES 
Most of the newer plants are equipped with 12-ft. 
Great Falls type converters. These converters weigh, 














through launders, into ladles directly 
under the converter plant crane. Also 


AAW 


CUTTOFF BUMPER TO 
Fd \/ * J \ LD CRANE HOOKS 
| 20 APART 








they are arranged so that the con- 
verter slag may be poured from ladles 








by the converter crane back into the 
reverberatory furnaces through laun- 
ders extending from the converter 
aisle to openings provided in the roofs 
of the reverberatory furnaces. The 
converter slag is usually discharged 
several feet in front of the bridge- 
wall of the furnace and midway be- 
tween the side walls. Fig. 17 is a 
typical cross-section of the Interna- 
tional Smelting Company’s plant and 
is typical of the new reverberatory 
smelting plants in Arizona. Fig. 18 




















40-~-TON CRANE 











40-TON CRANE\+ + | 















































is a plan of the same plant. 
Several of the plants are ar- 
ranged so that the siliceous ore 





FIG. \ 21—uernen- OF LIFTING CONVERTERS, 
CALUMET & ARIZONA MINING CO. 


a _‘eanemnnenanmiataet. FIG. 22—-METHOD OF LIFTING 
CONVERTERS, CALUMET & 
ARIZONA MINING CO. 
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FIG. 23—-SKULL BREAKER, IN- FIG. 24—SKULL BREAKER, INTER- 
TERNATIONAL SMELTING CO.., NATIONAL SMELTING CO., SECTION 
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FIG. 26—GENERAL ELEVATION AND DETAILS OF STEEL CHIMNEY, 

UNITED VERDE COPPER CO. 







when lined, approximately 70 tons. Instead of designing 
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FIG, 27—DETAILS OF SLAG FOUNDATION FOR 
CHIMNEY OF CALUMET & ARIZONA MINING 
CO., DOUGLAS 








handling matte, copper and slag in large 
ladles. Converters with magnesite lining 
do not have to be moved into and out of 
their stalls often, but when it is desirable 
to do this two cranes are used with a lifting 
rig as shown in Figs. 21 and 22. The con- 
verter cranes in all of the Arizona smelting 
plants are operated by 250-volt direct cur- 
rent. The later cranes are equipped with 
magnet-switch control. 

SKULL BREAKER FOR CONVERTER PLANT 

Three of the Arizona converter plants are 
equipped with skull breakers and a fourth 
plant is now being thus equipped. Figs. 
23, 24 and 25 show the general arrangement 
of the skull breaker at the International 


» Smelting Company’s plant. A hopper about 


11 ft. wide by 24 ft. long is provided, the 
bottom of which consists of cast-steel bars 
with projecting lugs, so that a grating is 
obtained for the bottom of the hopper with 
openings throughout about 9 in. square. A 
small traveling bridge is provided over this 
grating, and mounted on this bridge is a 
trolley which travels transversely to the 
path of the bridge. In the trolley is 
mounted a motor-driven hoist which raises 
a hammer in the form of a long weight that 
works in a guide. The hammer and guid 
are mounted on a trolley with the hoist 
The hoist operator raises the hammer and 
allows it to drop on the skull in a man 
ner similar to the operation of the ordinar: 
type of pile-driver hammer. When the skulls 
are broken into fragments sufficiently sma!! 
to pass through the grating, they drop into a 
steel railroad car underneath. The bridge an‘ 
trolley travel permit the hammer to be spot 
ted over any skull on any part of the grating. 


the converter cranes for a capacity to lift a converter aaa 
shell with its lining, as has usually been the practice THE LARGEST STEEL CHIMNEY IN THE WORLD 
heretofore, the cranes are designed for a lifting capacity Fig. 26 shows a general elevation with details of the 


of 40 tons, which is nearer right for the routine work of large steel chimney at the plant of the United Verde 
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Copper Company at Clarkdale, Ariz. 


It is 30 ft. 91% in. in diameter inside | Batol e SS 
the steel plates and is 400 ft. i in. in = | SHULL BREAWER GRIZZLY 


height, from the base to the top. It 





is believed to be the largest steel chim- 





ney in existence at this time. It has +t 
a brick lining 4 in. thick throughout | % 





its height. 




































































SLAG FOUNDATION FOR STEEL CHIMNEY 
Fig. 27 shows the details of the 








Plan, Fia. 25 








foundation for a steel chimney at the 
smelting plant of the Calumet & Ari- 
zona Mining Company at Douglas. The chimney is 305 
ft. high from the top of the foundation and is 25 ft. 942 
in. in diameter inside of the steel shell. It has a hollow- 
tile lining 4 in. thick throughout its height. The feature 
of the chimney is in the construction of its foundation. 
The foundation was cast from molten slag hauled to the 
site for the chimney in the usual slag pots, instead of 
concrete or masonry, as is usual for chimneys of this 
type. A template for holding the anchor bolts was made 
of structural angles and channels supported on a central 
concrete pier, and held from turning or moving by a 
second concrete pier at the outer circumference. The 
foundation bolts were supported at their lower ends on 
small concrete piers and they in turn supported the 
template at other points of its outer circumference not 
supported by the concrete pier, each bolt having at the 
top a nut on the under side and one on upper side of the 
template, forming a secure support. Large washers 
were provided for the bottom ends of the anchor bolts, 
over which were laid old steel rails. Blast-furnace slag 
was then poured over the foundation and adjacent 
ground, forming the foundation for the chimney. A 
concrete capping was laid on top of the slag for the cast- 
steel base-ring of the chimney proper. 


Warren, Arizona 


A New Thermo-Electric Method of Studying 
Allotropic Changes in Iron or 
Other Metals* 


BY PROF. CARL BENEDICKS 


In a closed circuit consisting of a homogeneous metal, 
no electromotive force, capable of causing a current, is 
produced, howsoever the temperature of any part may 
be changed, according to Magnus. 

If, however, the metal has an allotropic transition 
point (two-phase point), and some part of the circuit be 
heated, and remain at a stationary temperature above 
this point, the circuit can no longer be said to be homo- 
geneous, as the hottest part, according to the assump- 
tion, corresponds with a new allotropic state—forming 
anew phase. However, even in this case, no electromo- 
tive force comes into play, as the differences of potential, 
which a priori may be assumed to exist between the two 
phases, equalize each other at the contact surfaces, on 
account of the equality of temperature of the contact 
surfaces, 

I’, on the contrary, the local heating be not stationary, 
there is always a possibility that the two contact sur- 
faces may differ in temperature. Let us assume, as a 
special case, that the locally heated zone might travel 
with a constant speed along the conductor. 

Now, it is known that the temperature of a given 
transition is always somewhat higher on heating than 
on cooling, which depends on the fact that a real allo- 
tropic transformation takes a definite time to perform 
in every case. 

Thus the contact surfaces between the two phases, as 


ee 


*A paper presented before the (British) Iron and Steel Institute. 
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already stated, will have slightly different temperatures, 
and there is a possibility that a measurable thermo- 
electric force will come into action. 

In fact, it was stated by F. T. Trouton,’ as early as 
1886, that a thermo-electric current is produced when an 
iron wire is moved through a flame, so that probably a 
local heating above 900 deg. may occur. 

This phenomenon, which, though simple, affords a 
good lecture experiment,’ was correctly explained by G. 
F. FitzGerald as depending on what Sir W. F. Barrett’ 
in an interesting note describes as thermo-electric 
hysteresis. 

In the near relation to this effect an observation made 
shortly before by H. Le Chatelier‘ on silver iodide bears 
closely on the same point. The substance was enclosed 
between two metal electrodes, the circuit thus consisting 
of two different conductors. It was found that at the 
transition point strong electromotive forces appeared, 
which primarily were to be ascribed to a thermo-elec- 
tric action. 

It was proposed by Le Chatelier to take advantage of 
this phenomenon for the study of allotropic transfor- 
mations. At his suggestion, O. Boudouard’ made some 
determinations on nickel steel. Le Chatelier* himself 
published some curves for special steels obtained by this 
method (platinum wires were fixed at the ends of a short 
steel specimen, and the electromotive force between them 
was observed on ordinary heating or cooling). 

This method, however, has not been generally ac- 
cepted, probably on account of a serious inconvenience 
already pointed out by Le Chatelier. In fact, the elec- 


. tromotive forces which come into play with this arrange- 


ment (using an immovable, bimetallic specimen) are oc- 
casioned by the inevitable, totally uncontrolled local tem- 
perature variations of the furnace, with the consequence 
that even “the direction of the current observed at the 
very moment of transition may change with each experi- 
ment.”" Thus, if the temperature degree of a transition 
point can be determined by this method, every quantita- 
tive conclusion as to the intensity of the transformation 
seems to be excluded. 

It might now be asked whether it is not possible to 
overcome this inconvenience and to find a quantitative 
method, if, according to the foregoing explanation, a 
local heating, traveling with uniform speed along a wire, 
is made use of. It has occurred to the author, first, that 
this might furnish a quantitative method for ascertain- 
ing the existence of allotropic points in the metal (two- 
phase allotropy) ; further, that this method might pos- 
sibly give useful information even in the case of an in- 
ner molecular equilibrium, changing with temperature 
(one-phase allotropy). In fact, the molecular changes 





1Proceedings of the Royal Dublin Society, 1887, vol. v. 

*The flame, which may possibly cause some chemical alteration, 
can then be conveniently replaced by a small electric heating 
device. 

®*Transactions of the Royal Dublin Society, 1900 (2) vol. vil, p. 
27: Philosophical Magazine, 1900 (5), vol. xiix, p. 309. 

‘Comptes Rendus, 1886, vol. cii, p. 917. 

‘Revue de Metallurgie, 1904, vol. i, p. 80. 

*Ibid, p. 134. 

Ibid, p. 138. 
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even in this case probably take some definite time to oc- 
cur, and the equilibrium, at a given temperature, ought 
not to be quite identical on heating and on cooling; thus 
generally a thermo-electromotive force should come into 
play, even though only single phase is present. 

Since, according to the theory advanced by the au- 
thor,’ and lately treated in a careful way by K. Honda,’ 
such a one-phase allotropy interval exists below the two- 
phase point A3, it seems to be of special interest to 
study iron by this method, especially at the temperature 
interval below A3. 


Experimental Arrangement 


According to the principles explained above, the ex- 
perimental arrangement was a very simple one (Fig. 1), 
as follows: 

The metal wire AA’ to be studied moves through a 
little electric furnace B, the maximum temperature of 
which is measured by a platinum-rhodium thermo- 
couple, with a compensating arrangement C (St. Lin- 
deck and R. Rothe). The free ends of AA’, at F (a 


point constant temperature) are connected with the cop- 
per wires leading to a mirror galvanometer G. 
The central part of the wire, AA’, is stretched by two 
running over a horizontal wheel E and two 
hi 


i es 


strings, 














FIG. 1—ARRANGEMENT OF EXPERIMENTAL APPARATUS 
small vertical pulleys H,H’, and loaded with the weights 
P,P’. A uniform motion is communicated to AA’ in the 
one or the other direction by a third string, which is 
wound on a cylindrical drum by the watchwork J 


(gramophone movement) ; by suitable guides J is easily 


brought into line with the string at H or at H’. 

The wire AA’ was sufficiently protected against oxida- 
tion by passing it through a fixed silica capillary table D. 

The furnace being heated to a suitable temperature, 
the deviations of the galvanometer G were read with 
AA’ moving first in one and then in the other direction. 
The half of this difference in millimeters is given as the 
deviation U. 

The sensibility of the galvanometer (resistance about 
100 ohms) was such that 1 mm. corresponded to 5.6 
10° volts. 

The value of the electromotive force resulting must be 
influenced by several factors, not taking into account the 
nature of the material itself and the temperature, 
namely, (1) the speed of displacement, (2) the section 
of the specimen, and (3) the temperature distribution 
in the furnace. 

1. Smaller variations in the speed of displacement 
were found to have very little influence, except for the 
purest iron. A constant speed of 1.6 mm. per second 
was adopted throughout. 

2. The diameter of the wire especially investigated 
was 1.01 mm. Owing to this thickness a load P, FP”, 
amounting to 12.5 grams, could be used, which was 
enough to secure uniform displacement of the wire. 

‘Journ. of the Iron and Steel Inst., 
No. 1, 407. 


p. 4 
*Ibid, 1915, 
Univ., 


1912, No. 11, p. 242; 1914, 


Ne . p. 199; Sci Reports of the Tohoku Imperial 
1915, vol. . 169. 
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As will be seen from Series I and II, on the one hand, 
and III, on the other, the influence of the diameter of 
the wire is probably very slight. 

3. In order to obtain an idea of the temperature dis- 
tribution of the heated zone through which the wire had 
to pass, the mean of the observations of the temperature 
T at different distances X from the middle of the fur- 
nace is given as follows: 

This distribution is graphically shown in Fig. 2. 


Material Used 
The iron selected for investigation was obtained in 
April, 1912, from the Kohlswa Ironworks. It contains 


Distance X, Millimeters Temperature T, Degs. Centigrade 


0.10 per cent of carbon, but is otherwise of remarkable 
purity, as shown by the following analysis, performed 
at the Kohlswa laboratory: 


Manganese Phosphorus 
0.03 0.26 


Silicon 
0.14 


Carbon 


Sulphur 
0.10 


0.007 


Delivered as rolled wire 5.2 mm. in diameter, it was 
further drawn down to the diameter mentioned of 1.01 
mm. at the wire works of the Nya Garphytte Fabriks 
Aktiebolag, Latorps Bruk. 

Since for the special control Series III a thinner wire 
was desirable, the author drew the wire further in an 
ordinary drawing-plate. On this occasion the apparently 
very interesting observation was made that this material 
—obviously on account of its great purity—could be 
directly drawn through the finest hole of the plate, 0.23 
mm., and further in sapphire holes to 0.09 mm., without 
the slightest annealing and without any real hardness 
being produced by this severe cold-working. This fact 
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seems to prove that iron of a high state of purity, : 
at 0.10 per cent carbon, has considerably more “! 
inner friction,” and considerably less “solid inner 
tion,”” than has been generally believed, even in 
of the extremely high mechanical deformability of 
iron in A8, found by the author two years ago." 

It can be questioned whether this extremely high 

“Cf. H. I. Hannover, Mokantats Teknologi, 11, 3 Ed., 


hagen, 1915, footnote, p. 
“Journal of the Iron My Steel Institute, 1914, No. 1, p. 45 
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ness” of pure low-carbon iron is favorable to the well- 
known Beilby hard amorphous state theory. 

Since it was highly desirable to make experiments by 
this method on still purer iron wire, which was, how- 
ever, not available, the following method was tried and 
found to be practicable. A small thin specimen of the 
extremely pure electrolytic iron used by Drs. J. E. 
Stead and H. C. H. Carpenter,” kindly presented by 
Professor Carpenter, was carefully rounded off at the 
corners, after which a strip about 1.3 mm. broad and 
of sufficient length was cut off round the piece. This 
strip was straightened and strengthened—especially 
against oxidation—by forming it into a U section. 


Experimental Results 


Determinations at a given temperature showed no dif- 
ference when made during heating or cooling of the 
furnace, as was to be expected. 

A blank experiment was performed with a 1l-mm. 
copper wire in the same interval of temperature as that 


Temperature T, Deviation U 

















Degrees Centigrade in Millimetres Mean 
642 + 1.9 1.1 
-— 0.3 

708 5.1 
1.2 3.2 
75 18.7 
18.5 18.6 
810 21.2 
23.4 22.3 
S54 64 
61 63 
873 4 
} 8S 86 
898 U4 
925 99 
102 100.5 





950 ocee 110 


finally used. After a first annealing no deviation of the 
galvanometer whatever was obtained, which agrees with 
the known absence of allotropic change in this metal. 

The result of the first series (1) of experiments on 
the Kohlswa iron wire is given in Table I. 

These determinations are reproduced graphically in 
Fig. 3 as small circles. 

It will be seen that this thermo-electric hysteresis effect 
is already sensible somewhat above 690 deg.; other de- 
terminations not given here seem to corroborate this 
lower limit, though in a somewhat uncertain manner. 
The effect increases with increasing velocity, as it seems, 
up to about 875 deg., where an increase at constant rate 
sets in, corresponding with the y range. It may be said 
that A3 is clearly shown by a discontinuity. 

This first series, however, is not sufficiently accurate 
to enable it to be decided whether between 600 deg. and 
875 deg. the increase is a continuous one, or whether 
there might be a discontinuity at A2 (768 deg.). A 


In this connection it might be pointed out how important it is 
that laboratories, equipped with good technical-mechanical appli- 
a: ces, should be at the disposal of scientific men, offering the 
po-sibility of autoptic observations. Exactly the same 1-milli- 
m tre iron wire, on the request of Dr. Bengt Beckman, Upsala, 
w sent by me to the Cryogene laboratory, of Leyden, where it 
W to be used for researches by Professor H. Kamerling Onnes 
Dr. Beckman. This wire was drawn by Heraeus in Hanau to 
a ameter of 0.1 millimetre. If, in Hanau, some observations 
were made of the very peculiar viscosity properties of this iron, 
th apparently have not been reported to these authors (Comm. 
Phys. Labor., Leyden, No. 132, p. 7, 1913). At the Garphytte 
Works, the manager, Mr. G. Tidholm, found that this iron was 
80 excellent for drawing purposes that inquiries were made as to 
wether it could be obtained in commercial quantities. It was 
ony after having gained personal experience in the fine drawing 
of this material that the author could get some idea of this 
remmarkable occurrence of “liquid inner friction” in iron which, 
according to a private communication, was likewise unknown to 
Professor Hannover, to whom a sample was sent. 

Journal of the Iron and Steel Institute, 1913, No. 11, p. 119. 


second series (II) was carried out between 700 deg. to 
800 deg., marked by vertical crosses. The observed 
values do not show any discontinuity. 

A third series (III) was performed on the same mate- 
rial drawn out to 0.30 mm. wire. Owing to the fact 
that the stretching weights were only 20 grams, the 
motion was less regular than before. It will be seen, 
however, that the observed points (diagonal crosses) do 
not differ much from previous observations. This indi- 
cates that the slight oxidation which occurred has no 
sensible effect on the observations, which also seems 
probable from other points of view, and that the diame- 
ter has but a slight influence. 

A fourth series (IV) was executed on the strip of 
pure electrolytic iron, as mentioned above (shown by 
full circles). In this case, as might be expected from 
the known influence of impurities, the effect is generally 
much less strong than with the 0.106 per cent carbon 
iron; the difference is less pronounced at the highest 
temperature, where, of course, the y state prevails even 
in the absence of every trace of impurity. In any case, 
in a qualitative way, the effect is the same. 

It was rather interesting to find, consistently with the 
impurity effect just mentioned, that while for the iron 
with 0.10 per cent carbon the speed of the motion had 
but very little influence, for the purest iron the effect. 
was stronger if the speed exceeded the normal value. 

The total appearance of the curves is similar to the 
well-known dilatation curves (Charpy and Grenet), in- 
asmuch as both obviously belong to the allotropy Type 
Ila. The new determinations have the special interest 
of proving the existence of molecular changes, demand- 
ing a definite time to occur. 

It is scarcely necessary to point out that these new 
facts give additional support to the theory expounded 
by the author, that a continuous molecular change does 
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occur in the alpha-phase at temperatures up to A3, 
or, in other words, that the alpha-phase has an increas- 
ing solubility for the molecules, or atoms, which are to 
be considered as characteristic for the gamma-phase. 
Whereas, A3 is a true allotropic point, where two phases 
co-exist, this is not the case with A2. 
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On the other hand (and this might be the principal 
result), it has been found that a local heating, traveling 
with definite speed, constitutes a method which may be 
of value for allotropy investigations, not only for iron, 
but for other metals or alloys as well. 

As for iron it would be highly desirable to use pure 
iron wire, of sufficient length and diameter, and to re- 
peat the determinations with greater accuracy, and with 
greater velocity, than it was possible to do here, on 
account of want of material. 


Summary 


1. The principle is described, and an experimental 
arrangement is shown for a method of determining an 
effect of thermo-electrical hysteresis (Barrett) in metals, 
which are characterized by allotropy (both two-phase 
and single-phase). The metal to be investigated is moved, 
in the form of a wire, with constant speed through 
a small furnace, the maximum temperature T of which 
is known; between the free ends of the wire an electro- 
motive force may appear, if molecular changes occur in 
the metal at temperatures below T. 

2. It has been found that this thermo-electric hystere- 
sis effect, for iron, shows a very marked discontinuity 
at A3 (Fig. 3). Above this point the effect is very 
strong, following a straight line, but it is also very 
considerable at lower temperatures, even as low as 
about 600 deg. 

As might be expected, the effect is considerably 
stronger in iron with 0.10 per cent carbon than in car- 
bonless iron. 

No discontinuity corresponding to A2 could be found. 

3. These experimental results give additional support 
to the theory of the allotropy of iron, as expounded by 
the author. However their accuracy is not very high, 
and it is desirable that they should be repeated, espe- 
cially on homogeneous solid wire of purest iron. 

The author has the pleasure of acknowledging his in- 
debtedness to Mr. L. U. Lingberg, Kohlswa, for the 
valuable specially selected research material, and to Mr. 
G. Tidholm, Garphyttan, for his kindness in drawing 
the wire. 


University of Stockholm, 
Stockholm, Sweden. 





The Effect of Aluminium Chloride Upon a 
Naphthene Base Oil in the Formation 
of Gasoline, Unsaturated and 
Aromatic Hydrocarbons 
BY GUSTAV EGLOFF AND ROBERT J. MOORE 


In a previous communication’ the effect of the chlor- 
ides of the metals and non-metals upon a paraffin base 
oil for the formation of gasoline was reported. The 
present paper deals with the effect of aluminium chlo- 
ride in the formation of gasoline, unsaturated and aro- 
matic hydrocarbons from a naphthene base oil’. 


Discussion of the Naphthenes 


The naphthene, alicyclic or polymethylene hydro- 
carbons lie in physical and chemical properties between 
the aliphatic and aromatic hydrocarbons. They have 
the general empirical formula of C,H,, and are isome- 
ric with the olefin seried hydrocarbons. But, in con- 
tradistinction to the olefins they are saturated ring 
compounds. The physical constants of specific gravity 
and refractive index of naphthenes lie between the 
values of the aliphatic and aromatic compounds for 

1 Egloff and Moore, Met. and Chem. Eng., 15, 67, 1916. 

*A paper will appear shortly by the authors giving the results of 


the action of aluminium chloride upon the individual aromatic 
hydrocarbons of the benzene series. 
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those individual naphthenes studied. In chemical be- 
havior they resemble more nearly the paraffin than the 
aromatic hydrocarbons toward the common reagents 
such as sulphuric, nitric and halogen acids and the 
halogens themselves. 

It has been known for a long time that in Russian 
and some American petroleum oils, fractions existed 
which, although having the same boiling points as the 
paraffin hydrocarbons, gave a higher specific gravity 
and the empirical formula of C,H,,. Although the em- 
piric formula would indicate olefins, upon treatment 
with acids or halogens no addition compounds were 
formed. Furthermore, they did not act like aromatic 
hydrocarbons with the usual reagents. A number of 
these compounds have been isolated which neither re- 
acted in the class of aliphatic or aromatic hydrocar- 
bons and which gave the same physical and chemical 
properties as the synthesized, polymethylenes of the 
hexahydrobenzene type or polycyclicmethylenes. Ma- 
berry’ and others have _ isolated compounds of high 
boiling points and specific gravity giving upon hydro- 
gen and carbon determination the formula C,H,,, but 
of whose constitution very little is known. 

Naphthenes lack multiple bonds but have a closed 
carbon chain, one of the simplest being cyclohexane or 
hexamethylene, C,H,. Sabatier and Senderens’ readily 
converted aromatic hydrocarbons into naphthenes, as 
illustrated, by passing vapors of benzene and hydrogen 
over nickel: C,H, + 3H, = C,H... 

Likewise with elimination of hydrogen from hexahy- 
drobenzene or cyclohexane, benzene may be formed. 
Zelinsky’ performed this experiment with palladium at 
300 deg. C. but found that at 100 deg. to 110 deg. C. 
the reverse reaction took place which indicates the ready 
reversibility of the reaction. The ready facility of the 
decomposition of a naphthene oil has been noted by 
Brooks and Humphrey* and by others, a full biblio- 
graphy of which is given in Engler-Héfer, “Das Erdél.” 
The ease with which the naphthenes may be decom- 
posed and converted into hydrocarbons of widely dif- 
ferent characteristics seemed to the authors to make 
them particularly adaptable to catalytic conversion 
work. It was with the endeavor of obtaining some 
light upon this point and to augment a general study 
of the aluminium chloride reaction on various type 
oils that the following work was undertaken: 


Derivation of the Oil Used 


The fractions used in the following experiments 
were derived from a naphthene base oil. The distil- 
lation analysis of the original oil from which the frac- 
tions were made analysed as given in Table 1. The 
distillation was carried cn in a standard 200 c.c. Eng 
ler flask. 





TABLE 1. 


0.878—15.5 deg. C 
Specific Gravit 
Per Cent by Volume 15.5 Deg. C. 
1.8 ieee 
0.842 
0.844 
0.848 
0.850 
0.854 


Twenty-five gallons of this oil was distilled by stean 
direct heating and vacuum. The first four fractions « 
the twenty-five gallons were made when 4 per cent f: 
each cut came over. The fifth fraction was 8 per cen’ 
of the twenty-five gallons. Fractions three, four an 


* Maberry Proc. Amer. Acad. 37, 565, 1902. For full bibliograp! 
see Engler-Héfer, Das Erdél, 316, 1913. 

* Sabatier and Senderens, Ann. Chim, Phys. 8, 4, 458, 1905. 

° Zelinsky, Berichte 44, 3121, 1911. 

* Brooks and Humphrey, Jour. Amer. Chem. Soc. 38, 393, 1916 
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five were distilled in vacuum, so as to avoid possible 
decomposition of the oil. The highest fraction num- 
ber six was redistilled with steam and direct heating 
at atmospheric pressure. With these fractions elimi- 
nated, the remaining 72 per cent of oil were enhanced 
in value as a lubricant of high flash and fire, low cold 
test and high viscosity at working temperatures; the 
latter property being usually recognized as an attri- 
bute of the naphthene hydrocarbons. 

The flash point and fire test of the six fractions 
were taken. The flash point test was determined by 
means of the open cup method. Table 2 gives the 
data of the two sets of values for the flash point and 
fire test. 


TABLE 2 
Flash Point, Fire Test, 
Deg. F Deg. F. 

ll} a ee ; aa bi eric alte 97 116 
Wraction 2 “ eb eee wee es os aae 155 
Fraction 3. pasebaewoa 174 195 
Fraction 4... ; ceeckesedecaensaweae 200 230 
Fraction 5 . aww a jseee oe 265 
Fraction 6 2 i¢nan. oe 305 

The procedure adopted for the determination of 


unsaturated hydrocarbons was by use of c. p. sulphuric 
acid of specific gravity 1.84. The per cent of acid, the 
measuring cylinder and centrifuge used in the manipu- 
lation has already been given in detail.’ 

The method of nitrating the distillation cuts after 
the determination of olefins was by adding a nitration 
mixture consisting of one part 1.42 nitric acid to two 
parts of 1.84 sulphuric acid to the mixture of sul- 
phonated and unsulphonated oil after cooling to zero 
deg. C. The mixture was then shaken thoroughly after 
the addition of the nitric-sulphuric acid mixture and 
cooled to zero for each addition. The unsulphonated 
and unnitrated residue oil was pipetted off, neutralized 
with a 10 per cent sodium hydroxide solution, washed 
with water and dried over fused calcium chloride. The 
number of c.c. absorbed read off on the measuring 
cylinder, and the results calculated to per cents in the 
cut. 

The individual distillation, specific gravity and re- 
fractive index analysis of the six oils are given in 
Table 3. The specific gravity of the original six oils 
increased from 0.836 in oil one to 0.849 in oil six, while 
the refractive index ranged from 1.46150 to 1.46536. 
The temperature of the first drop of distillate appeared 
at the end of the condensor for the six oils from 145 
deg. C. to 290 deg. C. The per cent by volume, specific 
gravity and refractive index values are compared be- 
tween the six distillations of the oils as shown in 
Table 3. 

The per cent of unsaturation, per cent nitrated and 
the per cent of remaining hydrocarbons unattacked by 
the acids of the distillation cuts of the original oils 
are given in Tables 4, 5 and 6. The maximum per cent 
of unsaturation was found in oil 3 of 8.3 per cent and 
& minimum was found in oil 3 of 1 per cent. From 
the data it is apparent that as the temperature of the 
distillation cuts increases, the percent of unsaturation 
decreases to a minimum in the distillation cut of 275 
d-g. to 300 deg. C. in oil 6. =” 

Che per cent of nitrated hydrocarbons in the distil- 
lation cuts of the six oils is given in Table 5. The 
per cent of nitratable hydrocarbons reached a maximum 
of 54.9 per cent in distillation cut 150 deg. to 175 deg. 
C. The per cent decreases steadily in the first distil- 
lation cut of each oil from 54.9 per cent in oil No. 1 
to 13 per cent in oil No. 6. The high per cents of nitra- 
table hydrocarbons in the original oils has called for 


Egloff and Twomey, Met. and Chem. Eng. 14, 247, 1916. 
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an investigation of the nitro derivatives of the hydro- 
carbons present in the oil.” 

The per cent of hydrocarbons unattacked by sulphuric 
acid and nitric acid mixture from distillation cuts of 
the original oils is given in Table 6. It is to be noted 
that the per cent of unattacked hydrocarbons increases 
with increase of temperature of the distillation cuts. 
The minimum of unattacked hydrocarbons, 38.5, ap- 
pears in oil No. 1 from the cut between 150 deg. to 
175 deg. C., 54.9 per cent of this cut was nitrated, in- 
dicating a high per cent of aromatic hydrocarbons 
present. 

In Table 7 the total per cent of sulphonated and ni- 
trated hydrocarbons from the six oils is expressed. 
The distillation cut 150 deg. to 175 deg. C. in oil 1 
gave a per cent of 61.5 for the total sulphonated and 
nitrated hydrocarbons. The per cent of sulphonated 
and nitrated hydrocarbons in the first distillation cut of 
each oil decreases from 61.5 in oil 1 to 14 per cent in 
oil 6. This indicates the increasing stability of the 
hydrocarbons toward the reagents sulphuric and nitric 
acids as the boiling points increase. 

The specific gravity of the distillation cuts of the 
original six oils after sulphonation, nitration and wash- 
ing in oil 1, 4 and 6 decreased, and increased in the 
other three oils. The experimental data in Table 8 
shows that the reaction of aluminium chloride on the 
six oils used, derived from a napthene base oil, first 
increases and then decreases the specific gravity of 
the distillation cuts after sulphonation and nitration. 

The index of refraction shows a similar series of 
values in Tables 9 and 10. 

The distillation cuts of the unattacked hydrocarbons 
were cooled to a temperature of from minus 6 to 10 
deg. C., and showed no evidence of paraffins, either as 
the familiar bloom or by separating out. 

The character of the foregoing results as based 
upon the distillation, specific gravity, refractive in- 
dex, sulphonation and nitration, and cooling the un- 
attacked hydrocarbons to minus 6 to 10 deg. C. indi- 
cates clearly the naphthenic character of the starting 
oils for the following study of the behavior of alumi- 
nium chloride in the formation of gasoline, unsaturated 
and aromatic hydrocarbons: 


Summary as to the Character of Oils Used 


1. Twenty-five gallons of a naphthene base oil were 
distilled by heat, steam and part in vacuum. The first 
four cuts being 4 per cent each, the fifth representing 
8 per cent and the sixth cut 4 per cent of the starting 
twenty-five gallons. 

2. The distillations were made in 25 deg. C. cuts, 
the per cent by volume, the specific gravity, refractive 
index, the per cent of unsaturation, the per cent of nitra- 
table hydrocarbons in the cuts, and the per cent of un- 
attacked hydrocarbons by sulphuric and nitric acid 
have been determined. 

3. The specific gravities of the six oils range be- 
tween 0.836 and 0.849. The refractive index values 
increased from 1.46150 to 1.46536. From the end of 
the condensor, the first drop in oil 1 was found to be 
145 deg. C., which value increased to 290 deg. C. in 
oils 1 to 6. The distillation cuts gave gradual increase 
of the specific gravity and refractive index from oil 
1 to 6. 

4. The maximum of unsaturation was found in oil 
3 of 8.3 per cent in cut 200 deg. to 225 deg. C., and a 
minimum of 1 per cent in oil 6. 


’ An investigation of the nature and chemical constitution of the 
nitro-derivatives of the alicyclic hydrocarbons present in the vari- 
ous high boiling distillation cuts of the naphthene base oil is now 
being conducted in this laboratory. 
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5. The maximum of nitrated hydrocarbons was 
found in oil 1 of 54.9 per cent in cut 150 deg. to 175 
deg. C., with a minimum in oil 6 of 9.2 per cent in the 
residue. 


6. Oil 6 gave a maximum of 87.7 per cent of unat- 
tacked hydrocarbons by sulphuric and nitric acid in 
the residue, with a minimum of 38.5 per cent in the 
cut 150 deg. to 175 deg. C in oil 1. 


= 


7. A total of 61.5 per cent of unsaturated and ni- 
trated hydrocarbons in the distillation cut 150 deg. to 
175 deg. C. in oil 1 was found. The minimum in oil 6 
of 12.3 per cent was determined in the residue. 

8. The specific gravity and refractive index of the 
distillation cuts after sulphonation, nitration and wash- 
ing gave irregular results in the values of the two 
physical constants. 

9. The distillation, specific gravity, refractive index, 
sulphonation, nitration and cooling to minus 6 to 10 
deg. C., which latter test showed no signs of bloom or 
separation of paraffins, all of these tests indicate 
clearly the naphthenic characteristics of the starting 
six oils. 


TABLE 3 


Distillation analysis of the original sir oils 


Spec. grav 0.836 0.840 0.843 0.845 0.848 0.849 
Ref. index 1.46150 1.46170 1.46288 1.46308 1.46467 1.46536 
First drop 145C 174C 203 C 230C 251 C 290 C 
Fraction No es 1 2 3 4 5 6 
Temperature Percent Percent Percent Percent Percent Percent 
Deg. C Volume Volume Volume Volume Volume Volume 
to 150 1.5 
150 to 175 48.5 0.8 
175 to 200 29.5 19.0 
=00 to 225 32.8 35.7 
225 to 250 36.9 35.0 
250 to 275 16.8 38.8 44.0 
275 to 300 12.3 35.5 18.5 
300 to 325 : 2.0 TT 
300 to 350 : 23.0 
Residue 19.0 16.3 9.1 13.1 17.3 56.0 
Loss Lo 1.1 1.5 OLS 1.2 2 5 
Specific Gravity of the Distillation Cuts of Oils One to Siz 
Sp.Gr. Sp.Gr. Sp.Gr. Sp.Gr. Sp.Gr. Sp. Gr 
150 to 175 0.831 
175 to 200 0.837 0.839 
200 to 225 0.841 0.841 
225 to 250 0.844 0.844 
250 to 27 0.845 0.844 0.847 
75 to 300 0.844 0.847 0.845 
300 to 350 0.846 
Residue 0.845 0.845 0.851 0.849 0.853 0.851 


Refractive Index of the 


Ref. Ind 


Distillation Cuts of Oils One to Six 


tef. Ind. Ref. Ind. Ref. Ind. Ref. Ind. Ref. Ind 


150 to 175..1.46081 

17 to 200 1.46062 1.46199 

200 to 225 1.46119 1.46198 

225 to 250 1.46160 1.46248 

250 to 275.. 1.46297 1.46219 1.46418 ; 
275 to 300 1.46328 1.46409 1.46337 


300 to 350 


4 , 1.46368 
Residue 1.46239 1.46249 1.46594 1.46536 1.46724 1.46605 





TABLE 4 

The percent of unsaturation in the distillation cuts of the original 
sir oils 

Fraction No 1 2 3 4 5 6 


2 3 f ; 
Temperature Percent Percent Percent Percent Percent Percent 


deg Volume Volume Volume Volume Volume Volume 
150 to 175 6.6 

175 to 200 5.3 7.0 rT . 
200 to 22 1.3 8.3 oes 
225 to 250 4.2 ».4 ee 
250 to 275 5.5 3.3 2.6 —s 
275 to 300 1.7 1.6 1.0 
Residue. . . 3.2 4.7 5.2 3.6 4.5 3.1 





TABLE 5. 


The percent of nitrated hydrocarbons in the distillation cuts of 
the original siz oils 


Fraction No 1 2 3 4 5 6 


Temperature Percent Percent Percent Percent Percent Percent 
deg. C Volume Volume Volume Volume Volume Volume 
150 to 175 . 54.9 


175 to 200.....40.9 42.0 


» 
200 to 225. , 31.4 


28.3 , ea 
225 to 250. 21.3 15.9 7 
wee. reer ower 13.9 15.0 14.8 
275 to 300 + oes ae ainie 14.9 20.3 13.0 
Residue 20.9 11,1 22.4 13.2 11.1 9.2 
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TABLE 6. 








The percent unattacked by sulphuric acid, and sulphuric and ni- 
tric acid mixture from the distillation cuts of the original oils. 








Fraction No 1 2 3 4 5 ; 6 
Temperature Percent Percent Percent Percent Percent Percent 
deg. C. Volume Volume Volume Volume Volume Volume 
150 to 175 .38.5 see eee eves eee eee 
175 to 200 .53.8 51.0 sa saad ae soe 
200 to 225..... 64.3 63.4 _ o* eee 
225 to 250 74.5 78.7 + ses oon 
250 to 275 80.6 81.7 $2.6 Te 
275 to 300 ‘ : 83.4 78.1 86.0 
Residue 75.9 $4.2 72.4 83.2 $4.1 87.7 
TABLE 7 


The total percent of unsaturated and nitrated hydrocarbons in 


the distillation cuts of the original six oils 





Oil No 1 2 3 H 5 6 

Temperature Percent Percent Vercent Percent Percent Percent 

deg. C Volume Volume Volume Volume Volume Volume 

150 to 175.. 61.5 ees 

175 to 200 16.2 49.0 -s eee 

200 to 225 35.7 36.6 . se 

225 to 250 24.5 21.3 ee 

250 to 275 19.4 18.3 17.4 ‘ 

275 to 300 16.6 21.9 14.0 

Residue 24.1 15.8 27.6 16.8 15.9 12.3 
TABLE 8 

The specific gravity of the distillation cuts of the original siz oils 

after sulphonation, nitration and washing 

Oil No 1 2 3 4 5 6 

Temperature 

deg. C Specific Gravity 

150 to 175 S18 

175 to 200 O.S32 os 

200 to 225 0.845 

225 to 250 0.860 0.849 

250 to 275 0.842 s 

275 to Oo 0.846 
TABLE 9 


The refractive index of the distillation cuts of the original six oils 
after sulphonation, nitration and washing 


Oil No 1 2 3 4 5 6 
Temperature 

deg. C Refractive Index 

150 to 17 1.45071 

175 to 200 1.45321 

00 to 225 1.45471 1.45361 

225 to 0 1.45581 1.45691 

50 to 275 1.45531 1.45571 1.45701 

275 to 300 1.45561 1.45571 1.45711 
Residue 1.45571 1.45561 1.45621 1.45841 1.46060 


Experimental Procedure 


In each experiment a charge of 300 c.c. of the oil was 
taken and 10 per cent by weight of aluminium chloride 
added in a Kjehldahl flash of 500 c.c. capacity to 
which was attached a 24-in. Liebig condenser. The 
temperature in the flask was maintained below 100 
deg. C. for a period of twelve hours for each experi- 
ment. Whatever hydrocarbons boiling below 100 deg. 
C. were formed during this period of time condensed 
and were removed from the sphere of the reaction. 

After twelve hours the residue in the flask was 
treated with a solution of 10 per cent of sodium hy- 
droxide to clear the residue of the aluminium chloride 
present, filtered, washed and then dried with calcium 
chloride. The same procedure was carried out for the 
distillate, which came over during the twelve hours 
The distillate and residue after drying were mixed 
and the volume, specific gravity and refractive index 
taken of the converted oil. In no case was there 
heavy pitch-like residue left after the reaction such a 
is usually obtained from a paraffin base oil. 

The method of analysis of each oil was by means 0 
fractional distillation, specific gravity and refractiv: 
index, sulphonation and nitration. The distillation 
were made by means of a 300 c.c. round-bottom flas! 
a Glinsky distilling head. The cuts were made by re 
fractionating three times’ to 95 deg. C. (benzene cut) 
95 deg. to 120 deg. C. (toluene cut); 120 deg. to 15! 
deg. C. (xylene cut) and single fractionating for ever: 


* Rittman, Twomey and Egloff, Met. and Chem. Eng., 13, 65 
1915. 
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25 deg. C. above 150 deg. C. in a standard 200 c.c. Oil No. 2. 
Engler flask until cracking of the oil took place from Original “AIGL, Original ‘AICL, Original After 
simple distillation at atmospheric pressure. This was Tom. Hraction Treatmthraction Treatm't Fraction Tet tnd 
noted as the temperature at which the mercury thread ,,. 4. as aay 1.42291 
fell rapidly, although more heat was applied, which in- 95 to 120..... 5.2 agin | re 1.43552 
dicated lower boiling point hydrocarbon formation. ies to 178. | 0.8 . 5 ae 0 331 eR 15621 
The specific gravity was determined by means of a }/> to 200-490 oo beat eritt: witht 
Westphal balance having a plummet displacement of 225 to 250.. 13.5 ogi | * Seen 1.45821 
1 cc. at 15.5 deg. C. The refractive indices were de- o78 oo we 18 sat 0 370 7588 
termined by means of a Pulfrich refractometer at 20 30° to 325....- 0.4 ee > i wittt 
ow & . : Resid 16.3 05 0.845 0.950 1.46249 54520 
Experimental Data Loss 11 0 
The experimental data are brought out in the follow- _ - Oil No - nae 
ing order by means of tables and graphs. roe. tes * af 0761 141708 
Table 10. The distillation analysis, specific gravity }2) to 15! er ett rite 
and refractive index of oils 1 to 6 compared with the 175 to 200..... 8.0 0.828 eeeess 1.45391 
recovered oil after reaction with aluminium chloride. 335 ty 250.1365 i330 (0844883 46160 61148481 
Table 11 and Fig. 1. The effect of aluminium chlo- 329 to 27)..16.8 eT CU OP 
ride on the per cent of recovered oil, the specific grav- 300 to 325..... Ba, “seas. | “des sees 1.47176 
ity and refractive index of the recovered oil. 356 te $88... HH | rh 147450 
Table 12. The comparison of the effect of aluminium tesidus : 91 (0.851 0.920 1.46594 1.6208 
chloride on the distillation analysis of the six fractions. - . 
Table 13. The effect of aluminium chloride on the ' ag - ee ee 1.38884 
specific gravity of the distillation cuts of the six frac- to 120 13 0.760 és 1.41718 
tions of a naphthene base oil. to 175 30 ‘ 304 at 14388 
Table 14. The effect of aluminium chloride on the - 2 .? 0820 yee 
refractive index of the distillation cuts of the six frac- 225 to 250..35.0 13 3 0.844 0.826 1.46248 1.45111 
tions of a naphthene base oil. Ee 
Table 15 and Fig. 2. The effect of aluminium 3%° te 3° ~~ es + etttt 
chloride on the formation of gasoline from the six 350 to 385 0.1 ; 
fractions on the basis of recovered oil. — aes ¢ Pees pape ee 
Table 16 and Fig. 3. The effect of aluminium Oll No 
chloride on the formation of gasoline and specific grav- to 95 17.3 oe 0.697 1.38301 
ity of the gasoline from the six fractions on basis of 3) t° j=} +e rete: ett. 
the oil used for production. 150 to 17 1.0 0.799 1.44700 
Table 17 and Fig. 4. The formation of benzene, 306 te 395 se 2 Osi teat 144731 
toluene, and xylene from the action of aluminium chlo- 32% te 259. - | oO Obata) aeadB 144892 
ride on the six oils on the basis of per cent in the re- 275 ° o-oo = SS 144951 
covered oil. 325 to 350... 05 rey As 1144981 
Table 18 and Fig. 5. The formation of benzene, 35°, t0 385... Ne Gata ahd. ab734 Lan OTT 
toluene and xylene from the action of aluminium chlo- Loss 1.2 1.5 ceecws roe oes 
ride on the six oils on basis of oil used for production. Oil No. 6 
Table 19. The specific gravity of the benzene, tol- To 95 17.5 0.683 1.37819 
uene and xylene cuts resulting from the aluminium 120 {2 i500. |”! 15:0 PB eee ett 
chloride conversion of the six oils. at hee me ine ett 
Table 20. The per cent of unsaturation in the distil- 200 to 225 3.0 0.810 1.44156 
lation cuts after conversion of the six oils. 350 to 378 71 ied } 44761 
Table 21. The per cent nitrated in the distillation {/) to 300-339 0.845 1.45121 
cuts after conversion of the six oils. Residue. . ..56.0 0.851 1.45561 
Table 22. The comparison of the per cent of unsatu- ‘°™* oes fl a ee 
ration, per cent nitrated, and per cent unattacked by TABLE No. 11 
acids of the distillation cuts from the converted oils. The effect of aluminium chloride on the percent of recovered oil, 
Table 23. The refractive index of the distillation ee ae 
cuts of the converted oii after sulphonation, nitration il Number 1 2 04 5 6 
and washing. —a, 79.3 78.3 77.0 68.0 60.0 72.0 
Table 24. The specific gravity of the distillation ‘Specife = 9... ogss ogi 0.797 0.773 0.774 
cuts of the converted oil after sulphonation, nitration Refractive ‘ E 
and washing. Index ....1.45861 1.45921 1.44861 1.48855 1.42473 1.42655 


a a2 TABLE No. 12 
TABLE 10 mn aa ; 
The comparison of the effect of aluminium chloride on the dis- 
tillation analysis of the six oils. 

° ‘ 


distillation analysis, specific gravity and refractive index of 1 2 3 4 5 6 
oils one to six compared with recovered oil after Oil Number 
reaction with aluminium chloride. Temperature 
wha deg C —Per cent Volume 
Oil No. 1.  ¢ oe eer 5 7.5 12.0 17.3 17.5 
After After 95 to 120. eee | 5.2 9.1 13.3 13.7 12.0 
Original AlCl, Original AICI, Original After oe) See 20.7 13.8 14.3 13.0 16.3 15.0 
np Fraction Treatm’'tFraction Treatm’'t Fraction Treatm't Beer GD Bee ecceaces 13.4 1.5 1.0 2.0 1.0 0.5 
iE. © Pet. Vol. Pet.Vol. Sp.Gr. Sp.Gr. Ref.Ind. Ref. Ind. 175 to 200.... — 26.0 8.0 6.3 1.3 0.9 
ae ssakee aan 4.6 -—- 0.754 ceeues 1.41516 200 to 225 10.2 25.9 17.5 as 4.0 3.0 
> I 7.5 ak Stee scopes 1.43078 Bee GD Bees ccccccves 4.8 13.5 18.3 13.3 5.4 4.2 
l to 150.. 1.5 20.7 cake Sas) ~~ -wenees 1.44811 iP 2 Dvcccageses ass 5.5 8.8 18.7 9.0 7.1 
l to 175..48.5 13.4 0.831 0.829 1.46081 1.45641 ae OP Mi cau edhe ee soe 1.8 4.5 8.0 9.0 fae 
l to 200. .29.5 33.0 0.837 0.836 1.46062 1.45961 Se, OP Be Wee neha: “eee 0.4 0.4 0.6 0.7 
. to 325.... 10.2 ‘ G.345 cesece 1.46515 ee ee Ma bascnckse 60s 0.5 0.3 0.1 0.5 
2 to 250... 4.8 wre: * fare 1.47048 | rar 0.4 0.5 0.1 0.3 
Residue. . ..19.0 4.7 0.845 0.910 1.46239 1.51236 DEED cacseccc viens 4.7 0.5 9.1 3.6 20.0 
ROGR S ckews 1.5 1.1 owen cece ° ” eseuee’§ ~~ @ebees BOE 6 wa sesenscucen 1.1 0.5 4 1.3 1.5 
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Temperature ~ Degrees Centigrade 
FIG. 1—THE EFFECT OF ALUMINIUM CHLORIDE ON THE 


PER CENT OF RECOVERED OIL, THE SPECIFIC GRAVITY 
AND REFRACTIVE INDEX OF THE RECOVERED OIL 


TABLE No. 13 


The effect of aluminium chloride on the specific gravity of the 
distillation cuts of six fracttons of a naphthene 
Base Oil 
Fraction No 1 2 3 4 5 6 


Temperature 


deg. ( Sp. Gr Sp. Gr Sp.Gr. Sp. Gr Sp.Gr. Sp. Gr 
To 9% 0.754 0.771 0.713 0.708 0.697 0.683 
95 to 120 0.784 0.794 0.761 0.760 0.751 0.742 
120 to 150 0.812 0814 0.796 0.785 0.782 0.769 
150 to 175 0.829 0.831 0.824 0.804 0.799 0.785 
175 to 200 0.836 0.8383 0.828 0.812 0.814 0.800 
200 to 225 0.845 0.837 0.831 0.820 0.816 0.810 
225 to 250 0.855 0.839 0.833 0.826 0.818 enee 
250 to 7 0.849 0.837 0.826 0.821 
275 to 300 0.870 0.844 0.828 0.822 
300 to 325 O.879 , esgic 
Residue 0.910 0.950 0.920 0.834 


TABLE No. 14. 


The effect of aluminium chloride on the refractive index of the 
distillation cuts of six fractions of a naphthene base oil. 


Fraction No l 2 3 4 5 6 
Temperature 
deg. C Ref.Ind. Ref.Ind. Ref.Ind. Ref.Ind. Ref Ind. Ref.Ind. 
To 95 1.41516 1.42291 1.39139 1.38884 1.38301 1.37819 
9 to 120..1.43078 1.43552 1.41708 1.41718 1.41065 1.40714 
120 to 150..1.44811 1.44589 1.43784 1.43178 1.42977 1.42170 
150 to 17 1.45641 1.45621 1.45341 1.44388 1.44700 1.43328 
17 to 200..1.45961 1.45671 1.45391 1.44710 1.44559 1.43885 
200 to 225..1.46515 1.45741 1.45471 1.4502 1.44731 1.44156 
225 to 250..1.47048 1.45821 1.45481 1.45111 1.44881 1.44498 
250 to 275........ 1.46506 1.45811 1.45111 1.44891 1.44761 
275 to 300 1.47588 1.46436 1.45421 1.44891 1.4512 
300 to 325 1.47598 1.47176 1.45531 1.44951 ...... 
325 to 350 1.48315 1.47224 1.45641 1.44981  ...... 
350 to 385 . 1.48930 1.47450 ...... R.G499R on wwese 
Residue 1.51236 1.54520 1.52034 1.46980 1.45071 1.45561 
TABLE No. 15. 
The effect of aluminium chloride on the formation of gasoline 
from the six fractions on the basis of recovered oil. 
Fraction No. 1 2 3 4 5 
Percent 
CERBOIMO 3 cccscccns 32.8 23.5 30.9 38.3 47.3 


44.5 


TABLE No. 16. 


The effect of aluminium chloride on the formation of gasoline and 
specific gravity of the gasoline from the siz fractions 
on basis of oil used for production. 
° , 


Fraction No 1 2 3 4 5 6 
Percent 
Pn sseucees 26.0 18.4 23.8 26.0 28.4 32.1 
Specific 
Gravity 


0.781 0.801 0.765 0.748 
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TABLE No, 17 


formation of benzene, toluene and xylene from the action of 
aluminium chloride on the six oils, on the basis of 
percent in the recovered oil. 
Oil No 1 2 3 4 5 6 
Percent 


The 


(iS) 0.98 1.43 . . 
Toluene 2.96 2.38 2.02 2.85 2.05 1.03 
Xylene 9.80 6.78 4.68 2.96 3.26 1.23 


TABLE No. 18. 


The formation of benzine, toluene and rylene from the action of 
aluminium chloride on the siz oils on basis of oil 
used for production. 


Oil No 1 2 3 4 5 6 
Percent 

Benzene soceu dee 1.11 eee +e 

Toluene ee FC 1.87 1.56 1.94 1.23 0.74 

..2 .dceweebons 7.80 31 3.60 2.01 1.36 0.88 


TABLE 19. 


The specific gravity of the benzene, toluene and rylene cuts re- 
sulting from the aluminium chloride conversion of the siz oils 









































Oil No 1 2 3 4 5 6 
PC cisedwéerns 0.754 O.771 0.713 0.708 0.697 0.683 
Toluene cut ........... 0.784 0.794 0.761 0.760 0.751 0.742 
mupeee GES ict eveesx 0.812 6.814 0.796 0.785 0.782 0.769 

TABLE 20. 
The per cent unsaturated hydrocarbons in the distillation cuts 
after conversion of the six oils 
Oil No 1 2 3 4 5 6 
Temperature, 
Deg. C Per Cent by Volume 
to 95 ee 0.0 Trace 0.0 0.0 3.3 0.0 
95 to 120 anc 0.0 0.0 0.0 0.0 Trace 
8S ee 0.0 0.0 Trace 0.0 Trace Trace 
ff See 3.3 6.5 8.6 5.1 : 
 ' 5 ae 1.7 1.8 3.2 2.6 9.5 
ff . Saar 3.1 2.0 3.1 3.7 10.0 
225 to 250 ‘ 3.5 1.7 3.1 1.6 3.3 
oS eae 3.0 3.3 4.1 3.4 
275 to 306 ag : 6.0 6.7 5.0 4.3 
Residue Sludge Sludge 20.4 3.3 
TABLE 21 
The per cent nitrated in the distillation cuts after conversion of 
the siz oils : 
Oil No 1 2 3 4 o 6 
Temperature, 
Deg. C Per Cent by Volume 
a? Bisesavecvees 20.0 0.0 0.0 5. 0.0 
DU Beto scecesenus 0.0 31.0 13.2 20.3 11.4 8.3 
120 to 150 43.3 43.0 30.0 26.7 13.0 13.3 
a a iis sbeheseud 40.0 34.8 22.8 25.1 : ee 
BED OD Bees ccccescecs 43.6 33.0 25.8 25.3 20.1 . 
200 to 225 irre. 24.2 18.8 20.2 10.0 . 
225 to 250 <weeeoe one 15.0 10.0 10.2 9.3 ° 
tt itccecseséehe #6s 15.7 11.5 3.3 3.5 ° 
PP ance cusveuds #66 22.0 10.0 3.3 5.0 ° 
BEND. ccccesewecese ces ee ee 40.2 5.9 ° 
| 
50% + + + 
| 
| 
| 
45% mi 7 ] 9 
| 
' 
| | 
| 
40% _ 
| | 
| | | 
| | 
| | | 
| } 
35% t t 
| | | | 
| 
| 
| 
4 30% + J t 
& | | | 
— j | 
3 | | | 
20 | | 
450° 75° 200° 225° 250° 275° 





Temperature ~ Degrees Centigrade 


FIG. 2—THE EFFECT OF ALUMINIUM CHLORIDE ON TH" 
FORMATION OF GASOLINE FROM THE SIX FRACTIONS 
ON THE BASIS OF RECOVERED OIL 
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TABLE 22. ' ' { 
- 10. ee a a ee ee ee ee ee on 
The comparison of the per cent of unsaturated, per cent nitrated | 














































































and per cent unattacked by acids of the distillation 
cuts from the converted oils. 
Oil 1. 
Per Cent Per Cent Per Cent 
Unsaturated Nitrated Unattacked 
After After After 
AlCl, AICls, AICls 
Temperature, Orig. Treat- Orig Treat- Orig. Treat- 
Deg. C Fract. ment Fract ment Fract. ment 
oe. Biles ‘ , 0.0 ocie : see eee 
95 to 120 0.0 ; } 20.0 sen £0.0 
120 to 150.. 0.0 43.3 < 56.7 
150 to 175. 6.6 3.3 54.9 40.0 38.5 53.4 
175 to 200. 5.3 1.7 40.9 13.6 28 523 
00 to 225. 3.1 16.9 : 60.0 
225 to 250. 3.5 1.3 65.2 
250 to 275.. | 
275 to 300. ° , ” | | | _| a 
tesidue ; 3.2 ; 20.9 ; 75.9 — | = —e 
oil 2 f | | fro 
to 95 Trace aii 20.0 elena 80.0 © 3%4— . ~ 4+ 
95 to 120 0.0 ald 31.0 69.0 &§ i ee 
120 to 150 0.0 a: 43.0 57.0 Tolue, 
150 to 175 % 6.5 34.8 58.7 a oy +> om 7 
175 to 200 7.0 1.8 42.0 33.0 1.0 65.2 
200 to 225 4.3 2.0 31.4 24.2 64.3 73.8 
225 to 250 1.7 15.0 
250 to 275 0 15.7 T 
75 to 300 6.0 ~-.0 
Residue 1.7 Sludge 11.1 $4.2 
i 4 — 
Oil 3 150° 175" yl 2s" 250° 275" 
to 95 0.0 6.0 , 100.0 Temperature ~ rees Centigrade 
$5 to 120 0.0 ‘ 13.2 86.8 - & 8 
AY hnde * y Tr a ¢ 30 4 és : FIG. 4—THE FORMATION OF BENZENE, TOLUENE AND 
‘ oO a ee >» . . eed eee » » . = . " _ m ~ . i 
175 to 200 3.2 25.8 71.0 XYLENE FROM THE ACTION OF ALUMINIUM CHLORIDE 
°00 te 225 8.3 3.1 28.3 18.8 63.4 738.2 . < auth amnatinind a . . an aa aa 
335 to 250 :2 31 213 100 745 869 ON THE SIX FRACTIONS ON THE BASIS OF PER 
50 to 275 5.5 2 aa CENT IN THE RECOVERED OIL 
e é oO. 4 
Residue 5.2 Sludge 22.4 72.4 
Oil 4. Per Cent Oil 5. 
to 95 0.0 0.0 ; 100.0 Per Cent Per Cent Unnitrated and 
95 to 120 0.0 ; 20.3 ; 79.7 Olefins Nitrated Unsulphonated 
120 to 1506 0.0 : 26.7 73.3 After After After 
150 to 17 5.1 ; 25.1 69.8 Al@l, AICls AICl, 
175 to 200 2.6 . 25.3 ‘ 72.1 Temperature, Orig. Treat- Orig. Treat- Orig. Treat- 
200 to 22 3.7 . 20.2 , 76.1 Deg. C Fract ment Fract ment Fract. ment 
225 to 250 : . 16.96 6102068 SSS See ie 3.3 ie 5.0 ae 91.7 
250 to 275. oe 4.1 15.0 3.3 81.7 92.6 95 to 120...... EAS wate 0.0 tai 11.4 rey 88.6 
275 to 300 1.7 5.0 14.9 3.3 83.4 91.7 ti} ' Saeee ie os 6 SRD 13.0 - 87.0 
Residue ... .. 3.6 20.4 13.2 40.2 83.2 39.4 " POS GQobegiaeieaaiiem ints vies arey fn 
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TABLE 23 
The refractive index of the distillation cuts of the converted oil 
after sulphonation, nitration and washing, 
Oil No 2 3 ‘ , 6 
Temperature, 
Deg. C Refractive Index 
to 9 1.42291 1.39139 1.SS8884 1.39128 1.37819 
Yo to 120 1.4242 1.41015 1.40985 Le se6ens 
120 to 150 1.43219 1.42352 1.41898 1.42019 1.41766 
150 to 17 1.44247 e« otas 
175 to 200 1.45011 1.44468 1.43633 
200 to 22 1.45131 1.44751 1.44116 , 
225 to 250 ‘ 1.45271 1.44700 1.44600 
250 to 275. 1.45531 ‘ 1.44801 1.44791 
275 to 300.. 1.45891 1.44911 1.44801 
Residue 1.45231 
TABLE ‘ 
The specific gravity of the distillation cuts of the converted oil 
after sulphonation, nitration and washing 
Oil No 2 } 4 5 6 
Temperature, 
Deg. C Specific Gravity 
17 to 20 0.846 
200 to 22 0.837 
oe to 4 i) vs 
0 to 2 OS30 
to ) O.826 
Discussion of Experimental Data 
A. THE DISTILLATION ANALYSIS, SPECIFIC GRAVITY AND 


REFRACTIVE INDEX OF THE SIX OILS COMPARED WITH 
THE RECOVERED OIL AFTER REACTION WITH 
ALUMINIUM CHLORIDE 


In each oil treated with aluminium chloride the re- 
action tended toward the formation of hydrocarbons of 
much lower boiling points, lower specific gravity and 
lower refractive index than in the original. 

In oil 1, the per cent boiling below 150 deg. C. of 
the original was 1.5, while the per cent boiling below 











60% . 4 : 4 4 
——? 
| i 
50%, | | = 
40% + é 
°. | 
30% + 
| 
S 20% + | 
a | 
£ | 
c 
S 
NM 
S 
oa 10% ail —— —__+—_ —__—_—_—_+ a ——_————-+— 
| | | | 
| 
ox | | | 
150° i7s* 200° 225° 250° 275° 
Temperature ~ Degrees Centigrade 
FIG. 6—THE PER CENT BOILING BELOW THE LOWEST 


BOILING CONSTITUENT OF THE ORIGINAL 
FRACTION AFTER CONVERSION 


this temperature after the reaction was 32.8. Between 
the temperatures of 150 deg. C. and 175 deg. C. 48.5 
per cent boiled betweeen these temperature limits in 
the original oil, while treatment of the fraction with 
aluminium chloride converted 35.1 per cent to higher 
and lower boiling point constituents. The reaction 


METALLURGICAL AND CHEMICAL ENGINEERING 


VoL. XV, No. 6 


tended mainly in the direction of lower boiling point 
hydrocarbons. 

Oil 2 originally yielded 0.8 per cent below 175 deg. 
C., while after treatment 25.0 per cent distilled over 
below this temperature. The specific gravity and re- 
fractive index of the distillation cuts after conversion 
of the fraction were found to be lower than the cor- 
responding cuts of the original. 

In oil 3 the 35.7 per cent boiling below 225 deg. C. 
was converted with the other fractions boiling above, 
to 57.4 per cent, a difference of 21.7 per cent. Al- 
though the starting oil gave a percentage of 72.6 boil- 
ing between the limits of 200 deg. and 250 deg. C., 
after reacting with aluminium chloride the per cent be- 
tween these limits changed to 35.8 per cent, with a 
change of specific gravity and refractive index lower 
than the original oil. 

Oil 4, after conversion, gave 54.3 per cent of hydro- 
carbons with boiling points below the lowest boiling 
constituent of the starting fraction. This amount of 
conversion came mainly from the cuts boiling between 
225 deg. and 275 deg. C., of which 73.8 per cent of the 
fraction of the naphthene oil boiled between these tem- 
perature limits. Only 12.4 per cent of the converted 
oil boiled above the temperature of 275 deg. C., which 
indicates that this particular fraction under the condi- 
tions of the experiment went mainly to hydrocarbons 
of much lower volatility than the starting oil. 

Oil 5, after conversion, gave 59 per cent below the 
temperature of 250 deg. C., whereas the original oil 
gave zero per cent. A change of 35 per cent occurred 
in the cut boiling between 250 deg. and 275 deg. C. 
after the aluminium chloride treatment. The cut be- 
tween 275 deg. and 300 deg. C. gave a difference of 
26.5 per cent after treatment. The differences in the 
per cent of the two cuts show conversion mainly to- 
ward the lower boiling point hydrocarbons and a very 
small per cent toward higher boiling point substances. 
The differences between the specific gravity and re- 
fractive index values are more marked in the conver- 
sion of oil 5 than in any of the previously described 
oils. 

Oil 6 upon treatment with aluminium chloride gave 
a percentage of 60.2, boiling below the temperature of 
the lowest boiling point constituent of the original oil. 
The hydrocarbons are of a much lower volatility than 
any preceding converted oil. 

The tabulation in Table 25 of the per cent of the 
mixture of paraffin, unsaturated, benzene and naph- 
thene seried hydrocarbons boiling below the lowest boil- 


TABLE 25 


Temperatures of lowest boiling 
constituent in the original frac- 


tion in degrees Centigrade....150 175 200 225 250 27 
GE. Dek. ascenncabanbawsedues “ - 2 3 4 } 6 
Per cent boiling below the lowes 

boiling point constituent of the 

original oil after conversion..31.3 24.3 39.9 54.3 59.0 60.2 

The data are expressed graphically in Fig. 6 





ing point constituent of the original oil, will give a 
clear idea as to the conversion due to the action ot 
aluminium chloride upon the six fractions of a naph 
thene base oil. 


B. THE EFFECT OF ALUMINIUM CHLORIDE ON THE PE! 
CENT OF RECOVERED OIL, SPECIFIC GRAVITY, AND 
REFRACTIVE INDEX OF THE RECOVERED OIL 


As the oils increased from one to five, the per cent « 
recovered oil decreased to a minimum of 60 per ce! 
and then increased in fraction 6 to 72 per cent. Th 
specific gravity of the recovered oil showed a maximu! 
in fraction two of 0.835 and a minimum in fraction fiv 
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of 0.773. Fraction six increased slightly over fraction 
five giving a value of 0.774 for its specific gravity. The 
refractive index values paralleled the values for specific 
gravity indicating the additive property of the refrac- 
tive index constant for hydrocarbons.” In Fig. 1 the 
data are expressed graphically. 


C. THE EFFECT OF ALUMINIUM CHLORIDE ON THE PER 
CENT BY VOLUME OF THE CUTS OF THE SIX FRACTIONS 
OF THE NAPHTHENE BASE OIL 

In the benzene cut to 95 deg. C. the per cent of the 
low boiling hydrocarbons increased from 4.6 per cent 
to 17.5 in going from oils one to six. The toluene cut 
95 deg. to 120 deg. C. showed two minima, 5.2 per cent 
resulting from oil 2 and 12 per cent from oil six. The 
xylene cut 120 deg. to 150 deg. C., shows an alternate 
maximum and minimum. In the cut from 150 deg. to 
175 deg. C. a very small percentage is to be noted with 
the exception of oil one, which would indicate a very 
small, if any, formation of the trimethyl benzenes. In 
the other distillation cuts no regularity is apparent in 
the percentages of the cuts in the recovered oil. 


D. THE EFFECT OF ALUMINIUM CHLORIDE ON THE SPECIFIC 
GRAVITY OF THE DISTILLATION CUTS OF THE SIX 
FRACTIONS OF A NAPHTHENE BASE OIL 


In the cut to 95 deg. C. the specific gravity is shown 
as a maximum of 0.771 in oil two. The cut shows two 
minima of 0.754 in oil one and of 0.683 in oil six. 

In each cut up to 175 deg. C. the maximum specific 
gravity was found to be in fraction two. Between 175 
deg. and 200 deg. C. the maximum is attained in frac- 
tion one and the specific gravity decreases in this cut 
from fraction one to six. In each converted fraction the 
specific gravity of the cuts increases as the distillation 
cuts increase in temperature with one exception, this 
is that the specific gravity of two cuts is the same in 
oil four. The distillation cut from 225 deg. to 250 deg. 
C. and the cut from 250 deg. to 275 deg. C. in oil four 
gave each a specific gravity of 0.826. 


E. THE EFFECT OF ALUMINIUM CHLORIDE ON THE RE- 
FRACTIVE INDEX OF THE DISTILLATION CUTS OF THE 
SIX FRACTIONS OF A NAPHTHENE BASE OIL 


The refractive index of oils, such as those under in- 
vestigation is not only a simple physical constant to de- 
termine, requiring only a drop of liquid, but in addition 
furnishes a valuable criterion in judging the nature of 
the type of hydrocarbons present in the oils, in conjunc- 
tion with the specific gravity, sulphonation and nitra- 
tion of the various distillation cuts made. 

Although the index of refraction is an additive prop- 
erty for each type of oil, similar in respects to the 

pecific gravity, yet the refractive indices for the paraf- 
‘in, aromatic and naphthene seried hydrocarbons are 
videly different in value. This may be seen in table 26, 


TABLE 26. 


Boiling 
Point Range 


Index of Refrac- 
tion Average 


a nwdwe scoccece OC] Game Oo 276 Gen. C 1,403 
I cen de noun arn 80.0 deg. to 172 deg. C. 1.423 
GE. suanecsndsdans 80.4 deg. to 167 deg. C 1,501 





based upon the average refractive indices of the three 
groups of hydrocarbons between the temperatures 
selected as the boiling points of the paraffin, aromatic 
and naphthene present in similar boiling point tempera- 
tures of the converted distillation cuts. 

A wide divergence between the values of paraffins 
and aromatics is shown by table 26. An oil containing 
a mixture of the three hydrocarbons would show an 


° Rittman and Egloff, Jour. Ind. Chem. Eng., 7, 481, 1915. 
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index of refraction value somewhere between the values 
of the paraffins and aromatics. For example a mixture 
of paraffins, naphthenes and aromatics would give an 
index value depending upon the percentage of each type 
present in the oil. Now, if the mixture is nitrated the 
index of refraction value of the remainder of the liquid 
should show a value more clearly illustrative of its 
paraffin-naphthenic nature. The five examples taken 
from the data on the converted oils illustrates this. 
Table 27 shows this phenomenon: 

The index value in each case is materially lowered 
after removal of the aromatics. There remains an oil 


TABLE 27 


refraction of the distillation cuts before 
nitration, 
Index 
of Refraction 
Before N 


and after 


Index 
Distillation of Refraction 
ut Deg. C 
© 175 to 200 
4 200 to 225 


il Number 
4 1.4 
3 1.4 
4 225 to 250 1.45 
1.4 
1.4 


; 273 to 300 
whose boiling point range and index of refraction are 
known and which reacts chemically similar to either 
paraffins or naphthenes. The index of the oil corre- 
sponds closely to the values of naphthene oils at those 
temperatures as given in Engler-Héfer’s “Das Erddl.” 
The latter reference gives for naphthenes boiling be- 
tween 175 deg. to 201 deg. C., the value 1.44009. Our 
value for the fraction 175 deg. to 200 deg. C. is 1.44463, 
a fairly close approximation to the value of pure 
naphthenes. On these residues no bloom or paraffin sep- 
aration was shown on cooling below zero deg. C., and 
this, in conjunction with the other physical and chemical 
tests, was taken as evidence of their naphthene content. 

In the same manner the indices in table 23 taken 
after nitration of the converted oils are all uniformly 
lower than the indices before nitration as shown in 
table 10. It will be noticed, however, in table 23 that 
there is a general tendency toward lower indices of 
refraction values with increase of the boiling point 
fractions of the oils from 175 deg. to 300 deg. C. This 
is significant since the specific gravity values of the 
same cuts as shown in table 24 show a uniform de- 
crease with increase of boiling point of the fractions as 
we go from oil number 2 to oil 6. In other words frac- 
tion from 275 deg. to 300 deg. C. of oil 6 shows a lower 
specific gravity than fraction 175 deg. to 200 deg. C. of 
oil 2. 

This apparent contradiction to usual experience with 
oils seems at first difficult of explanation but some light 
is thrown upon this phenomenon if the amount of con- 
version of each starting oil is taken into consideration. 
It must be remembered that the six starting oils are 
distillation cuts from the same crude naphthene base 
oil and each oil from number one to six is a higher boil- 
ing-point fraction. Of the six oils, the highest boiling 
ones were number 5 and 6 which gave the highest per- 
centage of conversion to lower boiling-point hydrocar- 
bons. This brings out the great importance of the 
starting oils in conversion toward products which are 
desired. The type of hydrocarbons present in the oil is 
of the greatest significance in all catalytic, thermal and 
pressure decomposition work. And, it is certain that 
there are many crude oils which do not lend themselves 
readily to yields of importance of low boiling-point hy- 
drocarbons. 

In other words greater conversion has taken place in 
the higher boiling-point constituents, leaving compounds 
present in the same distillation cut of different com- 
position, lower specific gravity and index of refraction 
than at first. Furthermore, the fractions above this 
one considered have broken down in turn to give com- 
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pounds in the lower boiling cuts which also affect the 
physical constants. This change may be thought to be 
taking place in all six oils but as the higher fractions 
are less stable to the action of aluminium chloride than 
the lower boiling fractions a relatively greater differ- 
ence in the physical properties would be manifested and 
our comparison is inverse to the usual experience in 
thermal and pressure decomposition of oils which al- 
though not strictly comparable, yet may be used as a 
means of analogy. 


F. THE EFFECT OF ALUMINIUM CHLORIDE ON THE FORMA- 
TION OF GASOLINE FROM THE SIX FRACTIONS OF A 
NAPHTHENE BASE OIL, IN THE RECOVERED OIL 


The effect of aluminium chloride upon gasoline for- 
mation in the recovered oil indicates a minimum in the 
fraction number two of 23.5 per cent and a maximum 
yield in fraction five of 47.3 per cent. A minimum is 
also shown in fraction six of 44.5 per cent of gasoline 
in the recovered oil. The oil distilling below 150 deg. C. 
has been taken as the gasoline cut. The analytical re- 
sults are shown in Fig. 2. The specific gravity and the 
refractive index of these gasoline cuts, in particular 
that part boiling up to 95 deg. C., show a very high 
percentage of paraffins. The oils number 4 and 6 yield 
practically pure hexane and heptane. 


G. THE EFFECT OF ALUMINIUM CHLORIDE ON THE FORMA- 
TION OF GASOLINE AND THE SPECIFIC GRAVITY OF 
THE GASOLINE FROM THE SIX FRACTIONS, ON 
BASIS OF OIL USED FOR PRODUCTION 


The important point in gasoline formation is the 
question of how many gallons of gasoline can be pro- 
duced from 100 gal. of starting oil. The two factors 
entering in the percentage of gasoline on the basis of 
oil used for production are the percentage of recovered 
oil after aluminium chloride treatment and the per- 
centage of gasoline present in the recovered oil after 
treatment. 

In this series of experiments the highest boiling point 
fraction number six, gave the greatest amount of de- 
composition of the starting oil for the production of 
gasoline upon basis of oil used for production, the per 
centage being 32.1, that is, the formation of 32 1/10 gal. 
of gasoline from every 100 gal. used. The lowest yield 
was 18.4 per cent from fraction two. From fraction 
two to six increasing amounts of gasoline were formed 
with the maximum in fraction six. In Fig. 3 the re- 
sults are given in graphical form. 

The physical constant specific gravity gives some in- 
dication as to the value of a gasoline, although it seems 
to the authors that in the past too much emphasis has 
been placed upon this constant as a criterion by which 
to judge the value of an oil as a motor fuel. Happily, 
for the modern cracking processes, most of which fur- 
nish some percentage of aromatics, the tendency is to 
lay less stress on the specific gravity of gasoline. All 
the data upon the conversion of heavier hydrocarbons 
to lighter boiling-point hydrocarbons from thermal and 
pressure decomposition or by the action of catalysts or 
chemical reagent seem to show the formation not alone 
of aliphatic hydrocarbons but also aromatic. As the 
specific gravity of the aromatic compounds is much 
higher than that of the aliphatic hydrocarbons, natu- 
rally gasoline formed by the above methods of prepara- 
tion must be higher in specific gravity than gasoline 
derived by simple distillation of a crude oil at at- 
mospheric pressure. 

However, the mixture of aliphatic and aromatic hy- 
drocarbons does not lessen the value of the oil as a mo- 
tor fuel although the specific gravity of a gasoline de- 





rived from a converted oil is greater than that of a 
gasoline derived by simple distillation from a crude oil. 
The specific gravity of the gasoline cuts from the con- 
verted six fractions ranged from 0.726 to 0.801. Frac- 
tion six gave the lowest specific gravity and refractive 
index with the highest yield of gasoline of the six frac- 
tions. Fraction six was the highest boiling point oil 
of the six fractions having a distillation value boiling 
point mainly above 300 deg. C., which would indicate 
that in this type of oil the higher boiling-point oils lend 
themselves more readily to decomposition than lower 
boiling-point compounds. 


H. THE FORMATION OF BENZENE, TOLUENE AND XYLENE 
FROM THE ACTION OF ALUMINIUM CHLORIDE 
ON THE SIX FRACTIONS 


The formation of benzene occurred in fraction one 
and two only. The method of testing for benzene was 
by the simple one of addition of a sulphuric-nitric acid 
mixture and nitrating to mononitrobenzene, and deter- 
mining its physical constants. No test for benzene was 
found for the cuts derived from fractions three to six 
inclusive. It is apparent that under the conditions of 
the experiment benzene was not formed in four frac- 
tions; this could only be due to the toluene and xylene 
which were formed not being in the sphere of the re- 
action a sufficiently long time, for it is well known that 
aluminium chloride and toluene or xylene will react so 
as to form not alone benzene but higher methyl! deriva- 
tives of benzene. The reaction being a strictly re- 
versible one. 

CH 
CH, -———a C.H.CH, =_———e CH, 
CH 


J 


The formation of toluene was found to be at a maxi- 
mum in fraction one which fraction had the lowest boil- 
ing-point hydrocarbons of all the fractions. The mini- 
mum formation of toluene was derived from fraction 
six. The toluene present in the fractions was identified 
as the mononitrotoluene with its physical constants. 

The maximum formation of xylene was obtained in 
fraction one, 9.8 per cent being formed, with decreasing 
percentage from fraction one to six. The high per- 
centage in fraction one would indicate that this fraction 
was particularly adapted for the formation of aro- 
matics as maximum yields were found in this fraction. 
Fraction one boiled mainly between the temperature of 
150 deg. to 200 deg. C., containing naphthenes with ali- 
phatic side chains which decomposed readily to form 
aromatic of the benzene series, and also hydrocarbons 
of much higher molecular weight than the starting oil. 
The total aromatic formation of benzene, toluene and 


TABLE 28. 


Temperature of lowest boiling 
constituent in the original frac- 
tion in degrees Centigrade....150 175 200 225 250 2 

Fraction No. 1 2 3 4 5 ¢ 

Per cent of the total aromatics 
benzene, toluene and xylene 
on the basis of recovered 
Ce vinkénvensadncdeenedoee'nn 13.74 


10.59 6.70 5.91 5.31 2 


xylene was 13.74 per cent in fraction one, which was 
the maximum formation. The percent of total aro- 
matics decreased to a minimum of 2.26 in fraction six. 
do the low boiling fractions, but go more toward the 
aliphatic low-boiling hydrocarbons, low specific and re- 
The higher boiling-point fractions do not form aro- 
matic hydrocarbons of the benzene series so readily 25 
fractive index under the conditions of the experiments. 

Table 28 gives the total percent of the aromatics 
benzene, toluene and xylene in the recovered oil. 
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7.—THE TOTAL PER CENT OF AROMATICS, BENZENE, 
TOLUENE AND XYLENE ON BASIS OF RECOVERED OIL 


FIG. 


A decrease is to be noted in the total aromatic forma- 
tion in the recovered oil as the fractions increase from 
one to six. The data is expressed in Fig. 7. 


I. THE FORMATION OF BENZENE, TOLUENE AND XYLENE 
FROM THE ACTION OF ALUMINIUM CHLORIDE ON SIX 
FRACTIONS OF A NAPHTHENE BASE OIL, ON BASIS 
OF OIL USED FOR PRODUCTION 


The formation of benzene on the basis of original oil 
used was found to be at a maximum in oil number two 
of 1.11 per cent. The toluene and xylene both gave a 
maximum in fraction one of 2.35 per cent for toluene 
and 7.8 for xylene. The toluene formation decreased 
from fraction one to three and increased in fraction 
four to 1.94 per cent, when another decrease occurred 
n its formation in fraction five and six. The forma- 
tion of xylene decreased consistently as the fractions in- 





TABLB 29. 


emperature of lowest boiling 
constituent in the original frac- 
tion in degrees Centigrade... . 
Fraction No. 1 2 3 

er cent of the total aromatics, 

benzene, toluene and xylene 

on the basis of oil used for 

production 10 





reased from lower to higher boiling constituents. The 
aximum formation of xylene was in fraction one of 
8 per cent and the minimum formation of 0.88 in frac- 
on six. 
The maximum formation of combined aromatics on 
besis of oil used was obtained in fraction one, giving a 
vercentage of 10.93. Table 29 gives the total aromatic 
hydrocarbon formation of benzene, toluene and xylene 
on the basis of oil used for production. 

Fig. 5 gives in graphical form the data of benzene, 
toluene and xylene formation on basis of oil used. 
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J. THE SPECIFIC GRAVITY OF THE BENZENE, TOLUENE AND 
XYLENE CUTS RESULTING FROM THE CONVERSION 
OF THE SIX OILS 


The physical constant of specific gravity is an excel- 
lent value for determining the per cent of benzene, 
toluene and xylene present in a cut when the oil is 
fractionated by means of a Hempel or Glinsky or other 
efficient distilling head. 

The specific gravity of the benzene cut in fraction 
two gave a maximum of 0.771. In fractions three to 
six inclusive no benzene was formed, the cuts were 
mainly aliphatic hydrocarbons. From previous experi- 
mental work the specific gravity of the aliphatic hydro- 
carbons was found to average 0.720, while the specific 
gravity of the benzene has been taken as 0.880 at 15.5 
deg. C. By simple calculation the amount of benzene 
present in the cut can be determined. Moreover each 
cut of the six fractions had been nitrated and the ben- 
zene present determined as nitrobenzene. 

In the toluene cut of 95 deg. to 120 deg. C. the maxi- 
mum in the specific gravity value was found to be in 
traction two and minima in one and six. Similar to the 
method for calculating the percentage of benzene pres- 
ent in the cut, toluene may likewise be determined, for 
the average specific gravity of the toluene cut nas been 
found to be 0.773 for the aliphatic hydrocarbons present. 
The value for pure toluene has been taken as 0.872 at 
15.5 deg. C. Furthermore the toluene was experimen- 
tally determined as mononitrotoluene. 

The maximum specific gravity of the xylene cut was 
found to be in number two, amounting to 0.814. The 
assumed specific gravity of the xylene cut for the ali- 
phatic hydrocarbons present was calculated from spe- 
cific gravity tables of the paraffin and olefin seried hy- 
drocarbons present in the cut from 120 deg. to 150 deg. 
C. and the average was found to be 0.760. The specific 
gravity of the xylenes averaged 0.870. 

The purity of the benzene, toluene and xylenes in the 
cuts can be determined from a knowledge of the specific 
gravity of the cuts. It is to be noted that the specific 
gravity of the benzene, toluene and xylene cuts reach 
a maximum in fraction two. 
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FIG. 8—THE TOTAL PER CENT OF AROMATICS, BENZENE, 
TOLUENE AND XYLENE ON THE BASIS OF THE OIL 
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K. THE PERCENTAGE OF OLEFINS IN THE DISTILLATION 
CUTS AFTER CONVERSION OF THE SIX OILS 


The percentage of olefins present in the cuts 95 deg., 
95 deg. to 120 deg., and 120 deg. to 150 deg. C. was 
found to be practically zero. The gasoline cut to 150 
deg. C. gave no olefins, was water-white and gave slight 
aromatic odor. In the distillation cuts above 150 deg. 
C, varying percentages of unsaturation were found to be 
present in the six oils, ranging from 1.6 to 10 per cent. 
The analytical results are given in table 20. 


L. THE PERCENTAGE NITRATED IN THE DISTILLATION CUTS 
AFTER CONVERSION OF THE SIX OILS 


According to the nitration values in table 21 the 
maximum values occurred in the xylene fraction of the 
cut of 120 deg. to 150 deg. C. of the six converted oils. 
This indicates the ready formation of xylene in com- 
parison with higher or lower aliphatic derivatives of 
benzene. The tri-methyl] benzene cut of 150 deg. to 200 
deg. C. gave also high nitration percentage in the cuts. 
No indication could be gleaned as to the formation of 
naphthalene or anthracene from sulphonation, nitration, 
distillation, specific gravity, or refractive index tests 
upon the distillation cuts, although one would expect 
some formation from the polycyclic naphthenes present 
in the oil. There is a strong probability, however, of 
the formation of polycyclic aromatic hydrocarbons 
under suitable conditions of aluminium chloride treat- 
ment. 


M. THE COMPARISON OF THE PERCENTAGE UNSATURATED, 

PERCENTAGE NITRATED AND PERCENTAGE UNATTACKED 
IN THE DISTILLATION CUTS OF THE ORIGINAL OILS AND 
THE DISTILLATION CUTS OF THE CONVERTED OILS 


The gasoline fractions of the converted oils were with 
one exception free from olefins. A comparison of the 
individual distillation cuts on oils 1, 2, 3 and 4 shows 
a marked decrease in percent olefins after conversion. 
Oil No. 5 is exceptional in showing an increase in un- 
saturation of the distillation cuts yielding olefin forma- 
tion even in the gasoline cut. For the entire converted 
oils the combined percentage unsaturation is higher 
than on the starting oils. The higher boiling fractions 
show rather marked stability toward the acid reagents 
and consist of naphthene hydrocarbons. 

The percentage of the six oils nitrated in the distil- 
lation cuts after conversion is lower in all cases except 
one. This exception is noted in distillation cut of 175 
deg. C. to 200 deg. C. in oil No. 1.. The percentage de- 
crease of nitratable hydrocarbons after conversion 
ranges between 73 to 454 per cent. This is in direct 
accord with the values found for the percentage of un- 
saturated compounds present in the distillation cuts 
after conversion. In other words, the action of alu- 
minium chloride upon a naphthene base oil forms more 
stable hydrocarbons toward the reagents concentrated 
sulphuric and nitric acid. This property of the alu- 
minium chloride should produce from high-boiling hy- 
drocarbons of the naphthene base oil, lubricating oils 
of peculiar excellence, consisting mainly of stable 
naphthenes. 

Summary 


1. A naphthene base oil was subjected to fractiona- 
tion of approximately 28 per cent of the total in six 
distillation cuts. These were distilled in 25 deg. C. cuts 
and their physical constants determined. They were 
then analyzed for the percentage of unsaturated, per- 
centage of nitratable hydrocarbons, and the specific 
gravity and refractive index of the hydrocarbons unat- 
tacked by sulphuric and nitric acid were determined. 
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2. The six oils after treatment with aluminium chlo- 
ride gave from 24.3 to 60.2 per cent yield of hydro- 
carbons boiling below the lowest boiling point con- 
stituent of the starting oil. The maximum conversion 
was in the highest boiling point oil. 

3. The percentage of oil recovered after aluminium 
chloride treatment ranged between 60 and 79.3 per 
cent, the balance of the oil going to gas, carbon and 
losses due to neutralizing, washing and drying. 

4. The specific gravity and the refractive index of 
the recovered oil was in each case lower than the start- 
ing oil, the greatest change taking place in the highest 
boiling fraction. This oil before treatment gave a 
specific gravity of 0.849; after conversion 0.774. A 
similar drop is to be noted in the refractive index of 
the oil. 

5. The specific gravity and refractive index of the 
distillation cuts of the converted oils decrease as the 
boiling points of the starting oils increase. 

6. The percentage of gasoline in the recovered oil 
ranged between 23.5 and 47.3 per cent. The gasoline 
formed was water-white, faintly aromatic and contained 
practically no unsaturated hydrocarbons. 

7. The maximum percentage of gasoline on the basis 
of 100 gal. of oil used was found in the highest boiling 
point oil used and gave 32.1 per cent. The formation 
of gasoline from the six oils ranged between 18.4 and 
32.1 per cent on basis of oil used for production. The 
highest percentage of gasoline converted from the high- 
est boiling point starting oil gave the lowest specific 
gravity of 0.726. The specific gravity of the other gaso- 
line cuts ranged between 0.726 and 0.801. 

8. The formation of toluene and xylene reached a 
maximum in the recovered oil from the lowest boiling 
point starting oil, while benzene reached a maximum in 
the second lowest boiling point starting oil. These 
maxima were as follows on the basis of oil used for 
production; for benzene 1.11, for toluene 2.35 and 
xylene 7.80 per cent. 

9. The percentage of unsaturated hydrocarbons in the 
oils before treatment was usually higher for the same 
distillation cut than in the converted oils. The maxi- 
mum unsaturation in any distillation cut of the starting 
oils was 8.3 per cent while 10 per cent was the maxi- 
mum in any distillation cut after conversion. 

10. The percentage of nitratable hydrocarbons in the 
distillation cuts after conversion by aluminium chloride 
decreases as the boiling points of the starting oils in- 
crease. The percentage nitratable in the distillation 
cuts gave values ranging between zero and 43.6 per cent. 
These values were lower than any similar distillation 
cut before conversion. The high percentages of the 
nitratable hydrocarbons in the original oils is impres- 
sive, the distillation cut between 150 deg. and 175 deg. 
C. giving a value of 54.9 per cent. 

11. The percentage of the stable hydrocarbons re 
maining after sulphonation and nitration in every case 
was greater in the converted oil. 


Department of Inorganic Chemistry, 
Columbia University, New York City. 





Fuel Oil Appliances.—The W. S. Rockwell Compan) 
50 Church Street, New York City, has recently is 
sued an attractive catalog on fuel oil appliances. A 
general discussion of oil burners is given together wit! 
descriptions of the various types of burners, pumps 
and other accessory apparatus manufactured by thi 
company. Blowers, tanks, strainers, valves, gauge: 


steam separators, and steam blowers, are also described 
The catalog should prove of value to those interested i 
fuel oil furnaces and in the storage and handling « 
fuel oil. 
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Aluminium Castings and Forgings* 
BY P. E. MCKINNEY 


In the manufacture of light castings the following 
properties might be cited as mose desirable: 

(a) Low specific gravity. 

(b) A fair amount of strength and freedom from 
brittleness. 

(c) Good machining properties. 

(d) The maximum resistance to corrosion. 

(e) Good casting qualities and freedom from hot 
shortness. 

It is a well-known fact that pure aluminium is en- 
tirely too soft to produce satisfactory castings for most 
purposes and it is the universal practice to stiffen up 
the alloy with some hardening element. 

Probably the most widely used hardener for alumi- 
nium is copper, which is used at the rate of about 8 per 
cent of copper to 92 per cent of aluminium. Zinc and 
tin are also frequently used as hardeners. 

The use of these hardeners is attended with some 
well-recognized objections. In the first place, the addi- 
tion of from 8 per cent to 10 per cent of hardener par- 
tially defeats the purpose of using aluminium in that 
the specific gravity is materially increased. The hard- 
ened metal while fairly strong has a strong tendency 
to brittleness and the alloys are in most cases less re- 
sistant to corrosion than either of the component metals. 
Hot shortness in the case of intricate castings is another 
feature attendant to the use of these hardeners. 

In the Ninth Annual Report of the Alloys Research 
Committee Dr. W. Rosenhain and Mr. F. C. A. H. Lants- 
berry have published some very interesting data on the 
influence of manganese on aluminium alloys, which dem- 
onstrate beyond a doubt that these combinations have 
great promise in the production of light alloys. Vari- 
ous combinations containing manganese with or with- 
out copper and with a minimum aluminium content of 
95 per cent have been used in actual foundry practices 
for the past two years with the most gratifying results. 
The use of manganese in relatively smail quantities 
hardens and strengthens the alloy without destroying 
its ductility as is the case with copper or zinc. The 
machining properties are excellent and the compara- 
tively small amount of hardener used makes possible a 
specific gravity in the finished alloy from 0.35 to 0.40 
less than that of the ordinary No. 8 alloy. When prop- 
erly made these alloys are practically free from hot 
shortness and the most intricate castings can be pro- 
duced with comparative ease. 

The statement has frequently been made that for the 
successful production of good aluminium alloys it is 
necessary to have available special melting furnaces and 
devices for handling the metal. This has not been 
found to be the case in handling the alloys of aluminium 
containing manganese which can be melted in natural 
draft pit furnaces, provided ordinary precautions are 
used in melting and fluxing the metal. The most satis- 
factory method of introducing the hardening elements 
is first, by alloying them with a small amount of alumi- 
nium, making a rich hardener of definite proportions 
and compartively low melting point. 

The most dangerous impurities encountered in alumi- 
nium alloys are carbon, silicon and iron, hence, the 
greatest precaution should be taken to prevent intro- 
duction of these impurities either in the metal used or 
through the medium of crucibles and tools. With this 
in view carbonless manganese produced by the thermit 
process has been used exclusiveiy for this purpose. This 
is alloyed with copper when aluminium-copper-man- 


*A paper read at the Cleveland meeting of the American Insti- 
tute of Metals. 
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ganese is being made by melting 60 per cent copper 
and introducing 40 per cent of manganese in small 
pieces, heating until the two metals have combined, 
which is seen by the smooth condition of the surface 


of the metal. This alloy can then be diluted with an 
equal weight of aluminium to reduce the melting point 
although it is perfectly feasible to use copper-man- 
ganese direct. In making the alloy of manganese with- 
out copper 80 per cent aluminium is first melted, brought 
to a bright cherry red and 20 per cent manganese added 
in very small pieces. The alloy should be poured as 
soon as the manganese is all dissolved. 

In melting aluminium alloys clay crucibles or clay- 
lined crucibles are preferable. No charcoal or carbon- 
aceous covering is used on the metal as carbon com- 
bines with this alloy forming a very brittle compound. 
Gates and sprues from castings must be carefully 
cleaned and freed from sand as practically all the 
sand introduced into the pot is reduced to silicon which 
materially weakens the alloy. In cases where there is 
danger of introducing sand into the crucible it has 
been found very beneficial to introduce a powdered 
flux which is made by melting together 60 per cent of 
potassium chloride and 40 per cent of kryolite and 
powdering the mixture. This flux tends to dissolve the 
silica and keeps it from combining with the aluminium. 

In preparing the alloy for casting purposes an empty 
crucible is set in the furnace and heated to a bright 
red heat. The requisite amount of hardening alloy is 
added and melted as quickly as possible. As soon as 
the hardener is melted the draft is cut down by open- 
ing the cover of the furnace and aluminium is added in 
small increments as fast as it will melt, timing the 
additions so as to keep the temperature of the mixture 
at not more than a faint red heat. The crucible is 
drawn from the furnace just before the last of the 
aluminium is melted in order to prevent the metal be- 
coming overheated. This is a very important point 
as overheated aluminium will absorb silica from the 
walls of the crucible at a very rapid rate and it has 
been found that once overheated this aluminium is 
practically worthless for future use. Just before pour- 
ing there is added to contents of crucible about 14 oz. 
zinc chloride and the metal is thoroughly stirred with 
a clay-covered skimmer. This zinc salt tends to reduce 
the oxides and dross in the metal and puts it in ideal 
condition for casting purposes. Alloys of aluminium 
containing manganese have a slightly greater shrink- 
age than those containing copper alone, and due allow- 
ance must be made by using simple risers and chill 
plates on intricate castings. 

The following are results of tensile tests of coupons 
from sand cast aluminium castings taken at random 
from recent heats: 

Composition: Manganese, 1.50 per cent, copper, 2.00 
per cent; aluminium, 96.00 per cent. 


Tensile Strength, Elongation Per Cent 


Lb. Per Sq. In. in 2 In. 
22,000 15.0 
22.000 14.0 
21,000 8.0 
19,000 9.5 
19,000 14.7 
19,000 14.6 
21,000 13.0 
22,000 12.0 
24,000 10.0 
19,000 12.0 
18,000 13.0 


The elastic ratio of this alloy as determined by the 
drop of the beam of the testing machine will average 
about 60 per cent of ultimate strength. 

The fracture of test specimens is silky and shows 
considerable toughness instead of being granular and 
brittle as is the case with many aluminium alloys. Cast- 
ings are practically free from hot shortness and it has 
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been found to be perfectly feasible to make castings 
with very thin webs without any trouble due to this 
cause. Alloys of aluminium containing manganese have 
found to work very freely either by cold roling or hot 
forging and many intricate shaped drop forgings have 
been produced by its use. 

In preparing the alloy for forging purposes the same 
precautions are observed in melting and pouring the 
ingots as in the case of sand castings. The same type 
of ingot molds as are used for bronze forging ingots 
are suitable for aluminium. The ingot molds are heated 
to about 500 deg. Fahr. and given a thin coating of 
orange shellac to produce a clean skin. The metal should 
be carefully skimmed and poured very quickly in order 
to prevent cold shots due to the low temperature at 
which it must be poured. 

In making drop forgings from aluminium a little pre- 
liminary forging is very desirable. The ingot can be 
cut or cropped to the desired lengths and forged to 
approximate shape at a temperature of from 1150 deg. 
Fahr. to 1400 deg. Fahr., after which they can be 
finished in the dies. These alloys flow with ease during 
forging and dies have been found to fill very nicely in 
all cases. Forging dies of the same type as are used 
for tobin bronze forgings are perfectly satisfactory for 
aluminium work. 

The stiffness and strength of the forged material can 
be controlled by varying the finishing temperature. Con- 
siderable stiffness and elasticity can be imparted to the 
forgings by two or three blows of the forging dies at 
about 500 deg. Fahr. 

The following are typical physical properties obtained 
on bars of this alloy forged to 1 in. square and turned to 
standard size tensile specimens. 

Soft alloy containing: 

Manganese 1.00 per cent, copper 2.00 per cent, alumi- 
nium, 96.50 per cent. 

Yield 


Point 


Tensile 

Strength 
Cold’ finished........ 2 
Hot finished ........ 2 


Elongation Reduction 





Manganese 2.00 per cent, copper 3.00 per cent, alum- 
inium, 94.50 per cent. 


Tensile Yield 
Strength Point Elongation Reduction 
Cold finished........ 31,930 30,000 9.75 35.3 
Cold finished........ 34,123 33,000 4.00 11.25 
Cold finished........ 30,405 30,000 11.25 30.78 
ot finished......... 27,450 15,000 21.95 56.0 
ntermediate ....... 28,670 22,000 21.00 50.4 


Sections cut from thin drop forgings which were cold 
finished have shown tensile strength as high as 40,000 Ib. 
per square inch. The forged material machines very 
nicely and shows a fine silky fracture when broken. 
The increased density of the metal produced by forg- 
ing makes it a great deal more resistant to sea water 
corrosion than the cast alloy. Several drop forgings of 
these alloys are now undergoing service tests on ships 
at sea to determine their resistance to corrosion and 
reports thus far received are very promising. 

Considering the low specific gravity of these alloys 
together with the strength and ductility obtainable the 
material compares very favorably with the heavier 
bronze and brass forging materials for many purposes. 


U. S. Naval Gun Factory, 
Washington, D. C 











Canadian Nickel Refinery.—The new electrolytic 
nickel refining plant at Niagara Falls, Ontario, was 
expected to be finished Sept. 1. The province of 
Ontario expects to refine its nickel at home when the 
plant is finished. 





VoL. XV, No. 6 








Alloys to Withstand Internal Air Pressure* 
BY 8S. D. SLEETH 


At the request of Mr. Clamer I have attempted to set 
forth what we might term a few observations upon the 
subject of “alloys to withstand internal air pressure.” 
Brass and bronzes have as a rule been recognized as 
metals adapted especially for this purpose, and this 
paper will, therefore, be confined to the use of such 
alloys. Density and strength are the two qualities that 
go to make up a metal suitable for the retention of 
air or other gases under pressure and while strength 
may be secured through proper design, density is that 
elusive will-o’-the-wisp which we chase for a while in 
one direction and think we have captured, only to find 
that it has eluded us and we must look for it elsewhere. 

This leads us then to the conclusion that there can 
be no hard and fast rule whereby this desirable quality 
of density can always be obtained, probably because of 
the fact that there are so many variables that enter 
into the process and that they cannot always be under 
our control. To enumerate some of these variables, we 
have the design of the article to be cast, the design of 
the pattern with reference to its position in the flask, 
composition of the alloy, the treatment of the metal in 
the furnaces, and the temperature of the metal when 
being poured. Each item in this list is worthy of ex- 
tended discussion, but time will not permit of more than 
a cursory glance at each subject. 

We shall begin with the design of the article to be 
cast. This has a very important bearing upon the ulti- 
mate success of the casting. The designer should bear 
in mind the desirability of having all cross-sections of 
approximately equal thickness in order to prevent draws 
at heavy portions. If this is not possible, access to 
all large sections should be allowed for the use of 
chills to prevent such draws. If the cored cavities are 
large the cores will, themselves, act as chills. Fillets 
should be as small as possible in order that excessive 
masses of metal shall not be concentrated all at one 
point. 

In laying out patterns, the patternmaker must be 
governed by several things. He must know what chills 
are to be used so that large chilled surfaces may be 
placed in a vertical position in order to prevent the 
metal kicking off these surfaces. He must know what 
parts are to be clean, such as valve seats, etc., and to 
what parts loose sand may be allowed to flow if any 
be found in the mould. Such unimportant parts should 
be placed high in the cope and the loose sand will flow 
to them on top of the metal. A clean mould, however, 
is absolutely essential to good tight castings. An ex- 
ceptionally clean casting may be obtained by gating it 
from another casting which will itself take all the dirt. 

On the use of chills, I might state as an almost uni- 
versal law: Use chills on all enlarged sections in close 
proximity to smaller sections and connected thereto. 
If the sections are exceptionally large, use a sinking 
head on top of the large sections. Gate your moulds 
with a heavy upright pouring gate as near to the pat- 
tern as possible. The gate leading from the pouring 
gate to the pattern should be made large at the pouring 
gate and then reduced sharply into the pattern. If 
it is large where it joins the pattern, in all probability 
it will show a draw in the casting at the gate. As a 
rule, it is better to gate in a light part of the casting 
than in a heavy portion. If a sinking head be used 
it should be placed on the heavy part. 

As regards the alloy to be used, the following com- 





*A paper presented at the Cleveland meeting of the American 
Institute of Metals on Sept. 13, 1916. 
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positions have been tried and found satisfactory for 
the purpose intended: 


Metals No. 1 Alloy No. 2 Alloy No. 3 Alloy 
Copper ‘ - 2.50% 82.00% 83.00% 
Tin bes : 1.75% 7.50% 11.50% 
Zim : 19.25% 4.75¢ 4.00% 
Lead , 6.50% 5.75% 1.50% 

Total 100.00% 100.00% 100.000 

No. 1 alloy is used for ordinary castings, such as 
cocks, pistons, bushings, etc. This alloy is easily ma- 
chined, but is not intended for use with very high 


pressures. 

No. 2 and No. 3 alloys are intended for use with high 
pressures and are harder to machine in proportion. 

As might be expected, the treatment of the metal in 
the furnaces is of vital importance. If proper allow- 
ance for oxidation of zinc, etc., is not made the alloy 
intended will not be produced. Furthermore, the metal 
must be taken from the furnace as soon as it reaches 
the proper heat, for if allowed to soak in the furnace 
it will take up gases and the castings made from it may 
be porous. In certain packing ring mixtures we con- 
sider this item so important that we use an alarm clock 
to insure the metal being poured off at exactly the 
proper moment. 

The temperature at which the metal should be poured 
into the moulds is important, and no doubt many cast- 
ings are lost due to carelessness in this matter. If 
poured too cold it is almost impossible to obtain solid 
castings, especially at the gate. On the other hand, if 
poured too hot, the castings may be porous throughout. 
Great care must be taken to see that no aluminium gets 
into the mixture, as very small percentage of it will 
cause the castings to leak. Antimony and iron will do 
the same, but not to so great an extent. Aluminium 
has a very peculiar action on the metal. The castings 
will look solid and will not show a draw, but when put 
under pressure will leak all over. It is one of the most 
dangerous metals around the brass foundry. Anti- 
mony does not act as quickly as aluminium, but has 
about the same effect if used long enough in the mix- 
ture. You may start out with a small percentage and 
it seems to do no harm, but if used until it is mixed 
with all returned material, such as turnings, gates, etc., 
the castings will become porous. 

In conclusion, let me say that solid castings of a 
density to withstand air pressure can be obtained only 
by the exercise of the greatest care from the design of 
the article to the pouring of the metal into the mould. 
Even then failures will sometimes happen and final suc- 
cess can be obtained only through experiment and the 
adaptation of the various methods to the article under 
consideration. 

Westinghouse Air Brake Co 





The Determination of Sulfuric Anhydrid 
BY EDWIN G. PIERCE 


Some methods for cement analysis, worked out to 
‘cure the greatest possible accuracy, exceed the degree 
of precision required for routine and control work. The 
vriter has pointed out’ that the use of the reflux 
condenser in the Newberry, or “acid and alkali” lime 
termination is unnecessary and involves considerable 
loss of time. 

In the determination of sulfuric anhydrid, specifica- 

ms usually require that the precipitated barium sul- 
fate, shall stand five hours before filtering, and this 
eems to be a well-chosen period. The following shorter 
method, however, will consistently give the same result, 


‘Journal of Industrial and Engineering Chemistry, Vol. 7, No. 3, 
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within a few hundredths, and allow the analyst to com- 
plete a routine cement analysis (excepting the mag- 
nesia) in four hours. It is equally applicable to the 
precipitation.of barium sulfate in any other industrial 
analysis. 

Preliminary Observations 


Filtrates from barium sulfate separations, allowed to 
stand for varying periods, and stirred with a centrifugal 
motion, always showed some precipitate collecting in the 
center, indicating that the determination as ordinarily 
carried out with commercial papers is at best only ap- 
proximately correct. Various papers and changes in the 
method were tried, but always some sulfate would ap- 
pear in the filtrate. Next, the filtrate was collected in 
three portions, viz.: (a) the supernatant liquid, (b) the 
filtrate secured while bringing the precipitate upon the 
paper, and (c) the wash water. In nearly all cases 
less precipitate appeared in (a) than in (b) and (c), 
showing that precipitation was compelte, but the sulfate 
was carried through the paper mechanically. 


Theoretical Part 


Zsigmondy states’ that the crystalloid solubility of 
barium sulfate is too great to permit its preparation 
as a colloid, and according to the colloidal theory of 
P. P. von Weimarn’, particles of colloidal solutions are 
all crystalline, and the size of the crystals depends upon 
concentration, pressure, and temperature conditions. 

Ostwald* points out that small crystals are more 
soluble than large ones, hence, when both are present, 
there will be a condition of supersaturation for larger 
crystals, causing them to grow; and of hypersaturation 
for small crystals, causing them to dissolve—high tem- 
peratures also increase this solubility. 

Lehman, in explaining the process of crystal growth, 
brings out the following points: When a precipitant is 
added to a solution at a given point, causing crystals to 
form, the solution becomes impoverished at that point, 
tending to the formation of smaller crystals. The 
growth of crystals is aided by diffusion currents in the 
liquid by which fresh material is brought in contact 
with the nucleus. Secondary and tertiary lines of 
“Colloids and the ultramicroscope. 


Arbeiten Weimarn 
‘Lehrbuch der allgemeinen Chemie, 2nd Ed., p, 757 
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growth shoot off from the parent stems, thus exposing 
greater surface to the diffusion currents, and causing 
skeletal outlines to fill out. Growth is retarded by the 
presence in the solution of layers of different tempera- 
tures, which affect pressures and solubilities. 

From the above considerations it is evident that to 
suppress the formation of small, and assist the forma- 
tion of large crystals from the outset, and to foster the 
growth of these large crystals at the expense of the 
small ones, will add to the completeness of the barium 
sulfate separation. 


Description of Short Me‘hod 


To provide an even distribution of heat throughout 
the solution, prevent “bumping,” diffuse the precipitant 
rapidly, and constantly reduce the volume of the solu- 
tion; boiling tubes are used as shown in the illustration. 
These consist of a capillary tube attached to a stem of 
convenient length, and give a steady flow of bubbles 
from the bottom which prevents superheating, and boil- 
ing may be continued without direct attention as long as 
desired. 

The boiling barium chloride solution is added very 
slowly, allowing rapid diffusion, and boiling is con- 
tinued till the barium sulfate settles to the bottom. 
The boiling tube is then removed with a quick motion 
while boiling continues so that no liquid will be drawn 
into the capillary, and the beaker placed on a sand-bath 
or hot-plate kept just below the boiling point, and al- 
lowed to stand about two hours. The solution is then 
rapidly cooled and is ready to filter. 

From theoretical considerations already mentioned it 
is evident that a slow paper is preferable, as there will 
be less suction and less sulfate drawn through while 
bringing the precipitate upon the paper. The larger 
crystals and skeletal forms will clog the pores and hold 
back the smaller crystals, but some particles of small 
size pass through before this takes place, as shown by 
an examination of the filtrate. 

For the same reason it is best in washing not to dis- 
turb the matt of crystals first formed on the paper, but 
merely circle the top with the stream from the wash- 
bottle, since, by more violent washing, there is a greater 
loss of small particles. 

In bringing the precipitate upon the paper there can 
be no advantage in any extensive washing and swabbing 
of the beaker to remove last traces of barium sulfate, 
since each additional washing carries more small par- 
ticles through the paper than will be removed from the 
beaker. 

If the precipitation has been properly carried out and 
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the barium sulfate settled out perfectly clear, it can be 
brought upon the paper and the beaker sufficiently 
rinsed in three applications of the wash-bottle, and with 
three additional washings of the paper the filtrate will 
show barely a trace of chlorides. The writer uses double 
papers requiring three to five minutes to drain. The 
precipitate secured in this way will ash perfectly white 
to constant weight at 925 deg. C. in twenty to thirty 
minutes. 

If desired the analyst may easily work out a correc- 
tion factor, but, with sufficient practice this should be 
unnecessary for routine work. Whatever period of 
standing is allowed the boiling tubes will be found a 
distinct advantage and can be used in other boiling 
operations. 

For greater precision in the separation of barium 
sulfate, the excellent papers of P. P. von Weimarn 
give valuable hints. 

Table I gives a comparison of results. 


Youngstown, Ohio 


Synopsis of Recent Chemical and Metallur- 
gical Literature 


Fuel Economy in Great Britain.—A discussion of 
the necessity of practicing the strictest economy in the 
utilization of fuel, and some interesting data on the 
fuel situation in Great Britain were given in a paper 
by HENRY E. ARMSTRONG, presented at the recent meet- 
ing of the Society of Chemical Industry at Edinburgh 
and published in the July 31 issue of the Journal of 
the society. 

The author states that the fuel situation is daily 
becoming more and more serious. Coal is very ex- 
pensive, and there is almost an absolute shortage of 
liquid fuel for internal combustion engines, and the 
shortage of dyestuffs is partly due to the lack of raw 
material. It would be advantageous to carbonize far 
larger quantities in ovens or retorts, and the nuisances 
created by the emission of smoke and acid products 
must not be overlooked. The utilization of coal should 
be considered from the more comprehensive point of 
view, as the raw material from which both liquid fuel 
and the primary materials required by the dyestuff 
industry and. other branches of organic chemical in- 
dustry are derived—not forgetting the high explosives 
which are playing so dominant a part in the present 
war; also as the potential source of vast quantities of 
ammonia, invaluable as a cereal manure, as well as of 
not a little sulphur. 

The author continues as follows: “It is certain that 
we have little moral right to use coal simply and directly 
as fuel; from this point of view, should we not memori- 
alize government at once to foreshadow legislatio: 
prohibiting the use of raw coal, as a fuel, at no distant 
date? I am told that the use of raw coal was stopped 
in Germany at an early period of the war. ‘ 
Soft coke is necessarily to be regarded as the soli’ 
fuel of the future; yet if such be the conclusion, a situ: 
tion will soon be created that must not be overlooke: 
Obviously if gas and soft coke be the fuels of the future. 
the town gas industry, as at present conducted, will nee! 
complete reconstruction—the gas works will be calle! 
upon to produce both gas and soft coke and to serve *: 
the primary source of fuel supply in its district; mor 
over, it will almost necessarily be run in conjuncti: 
with the supply of electricity. Already the Bright: 
Corporation have made arrangements for the instal! 
tion of a coking plant alongside their electrical wor! 
the gas to be used in firing the boilers of the latt« 
it will be but a small departure to obtain an act f 
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bidding the use of raw coai in the district which will 
make the soft coke produced of special value to the 
town. 

“In my Newcastle paper I referred to the production 
of soft coke as still problematic; I was not then aware 
what had been done to improve Mr. T. Elwell Parker’s 
process, which gave a coke of unexceptionable quality 
though on far too small a scale to be practicable. In 
the interval, a gas fired fireclay oven has been devised 
in which coking can be effected on a satisfactory scale. 
I am informed that in Germany probably a dozen such 
plants are in operation which have been erected since 
the war began, and that the design of these is based 
upon information derived from the experiments made 
in this country. Similar plant will soon be in operation 
in this country near Barnsley, in the center of the 
South Yorkshire coal field; this will be run in conjunc- 
tion with an electrical works and a tar distillery. Such 
being the case, it would seem that the experimental 
stage is past and that all that is required is independent 
study by competent authority of the plants referred to 
when they are in operation. 

“But there are many problems connected with the 
economical use of coal which must be fully inquired 
into. It is essential that both the funds and the ma- 
chinery for such inquiry should be provided without 
delay. The appointment of a central National Fuel 
Board to initiate and supervise all necessary inquiries 
would seem to be the first step that is called for, and I 
venture to think that no better way of obtaining funds 
can well be suggested than that I have already proposed 
—i.e., a small tax on all coal raised in the country. 
I hope the society will be prepared to take action in 
the manner suggested.” 

The paper brought out considerable interesting dis- 
cussion. 

The president, Dr. Charles Carpenter, said that it 
was very difficult to foresee the universal use of gas or 
electric heating, and, in the intermediate stage, some 
form of solid fuel might be used. The breakdown in 
the coalite experiments had been very unfortunate in 
many respects. The fundamental idea of Mr. Parker 
was to carbonize the coal in small cells, and in itself 
was an admirable one—but when he had put it into 
practice he was handicapped by the fact that he had 
been brought up and trained as an iron founder and so 


naturally turned his thoughts to making his cells in 
iron. 
Dr. E. F. Armstrong urged that there was still a 


great deal to be done by manufacturers in economizing 
coal. The best incentive to economy was an increase in 
price, and from that point of view the present increase 
-disastrous as it was to many—was a great incentive 
to economy in the future. The firm with which he was 
connected had made it a practice for many years to 
employ a highly skilled chemist entirely to look after 
their fuel and water supply, and that policy had been 
more than justified by results. It was a policy worthy 
of being imitated very largely in British industries, not 
<o much chemical industries, but engineering industries 
n particular, and by many others of our great indus- 
tries. He mentioned a case of one firm who had bene- 
ited greatly by the installation of a CO, recorder. It 
was only the largest firms who could afford to have an 
xpert for themselves, but it might be possible for 
nalf a dozen firms in a neighborhood mutually to engage 
in expert to look after their fuel and water problems, 
'y which he was sure great economy in utilization might 
e effected. 
Mr. R. H. Clayton said that in Manchester quite re- 
cently they had obtained statistics as to what the losses 
lue to smoke amounted to; they were so large that he 
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thought he was quite justified in the view that the 
smoke problem was the most important of all fuel 
questions. 

Mr. A. MacDonald asked how the ash in soft coke 
was to be got rid of. In Glasgow they had been deeply 
interested in clearing the smoke from the atmosphere, 
and one member of the Council was experimenting with 
a view to producing a coke which would be useful for 
house fires, but he had found that it contained an ex- 
cessive amount of ash and had low heating power. The 
same trouble had been found in similar fuel prepared 
by a small works in London. 

Mr. R. Maclaurin said that the fuel to which Mr. 
MacDonald had referred was made from cannel coal, 
hence the large percentage of ash. With a coking coal 
a smokeless fuel containing not more than 7 or 8 per 
cent of ash was readily obtained. The chief difficulty 
he had experienced in the experiments he was conduct- 
ing at the Glasgow Corporation’s Electricity Station, 
Port Dundas, was in getting a fuel that would not spark. 
The sparking was due to the coke dropping while red 
hot into water. By drying, or avoiding quenching the 
coke in water, a satisfactory smokeless fuel was ob- 
tained. In the low temperature carbonization of coal 
by his process very satisfactory yields of oil were being 
obtained. The oil was fairly fluid, and after separation 
of a resinous portion would be suitable, he thought, 
for lubricating purposes or for Diesel engines. The 
oil contained practically no benzene nor toluene, as was 
to be expected in a low temperature process. An un- 
expected result, however, was the almost entire absence 
of illuminants in the gas made. In some experiments 
the coal was carbonized by a current of hot water-gas, 
without any external heating, and he had found that the 
mixed gas given off from the coal in this way seldom 
contained more than 0.4 per cent of olefines; had the 
coal given off 4000 or 5000 cu. ft. of gas of 700 or 800 
B.t.u., the olefines should have amounted to fully 4 per 
cent. In other low temperature processes he was con- 
vinced that considerable decomposition took place, giv- 
ing rise to the illuminants present in such gas. The 
absence of illuminants in his process convinced him that 
smokeless fuel would be manufactured more economic- 
ally in electricity stations than at gas works. His plant 
Was in two parts. When working for power gas and 
smokeless fuel, air and steam were blown into one cham- 
ber where they burned the fuel added to ash, and the 
gas passed from this chamber into a second chamber, 
which was practically a large water sealed producer, 30 
ft. high by about 8 ft. diameter. The current of hot 
gas completely carbonized the coal being added to this 
chamber. The smokeless fuel was drawn out at the 
bottom through a water seal. In this plant there was 
no difficulty in carbonizing unformly 1 ton of coal per 
hour. The gas made in both chambers, after cooling 
and scrubbing, was available for gas engine running or 
boiler firing. When smokeless fuel was not desired 
the fuel could be burned to ash in both chambers, and 
gave practically the same yield of power gas as an ordi- 
nary producer, but the quantity and quality of the oil 
recovered were much enhanced. 

Mr. J. G. Roberts said that in the pottery trade he 
did not think there was a plant in existence using gas 
firing which had been an unqualified success. The two 
biggest plants that he knew of had been abandoned. 
For pottery firing a long and intensely hot flame was 
needed, and good coal was required to get that flame. 
The regenerative system of heating had not been profit- 
ably applied to the heating of pottery and the expense 
of repairs became very great. 

Mr. W. F. Reid said that he thought the prohibition 
of the use of solid fuel was quite impracticable at pres- 
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ent. Public opinion was not yet ripe for that. They 
must first try to educate public opinion to the great 
evils and probably the injury to health due to the con- 
sumption of coal. A great deal had been done in reduc- 
ing the amount of smoke from coal. As a member of 
the Council of the Coal Smoke Prevention Association, 
he said that they were quite satisfied with the progress 
that had been made in London and other large cities— 
especially with regard to the elimination of fogs in 
London. The use of more gas had had some influence, 
but so also had the expression of public opinion and in 
a few cases the action taken by local authorities. Dr. 
Haldane had recently pronounced the opinion that the 
particles of carbon contained in smoke were distinctly 
beneficial to the lungs of those who breathed them, and 
he was now endeavoring to prove that it was beneficial 
to inhale particles of carbon to prevent tuberculosis. 
His own belief was that it was the tarry substances that 
were so injurious. 

Mr. W. F. Cooper expressed the opinion that the 
trouble really was that there was no one in Parliament 
who really understood the subject. 

Dr. J. T. Dunn said that some progress would be 
achieved if consumers as a body could be persuaded 
that it would pay them to buy coal on a calorific basis. 
Good coal was high in price, but with ordinary inferior 
coals, the price diminished very rapidly, so that it did 
not pay to sell the latter. That was the reason why 
those coals were not in many instances worked. Sale 
on a calorific basis would, he thought, enable colliery 
owners to work those at present unworked portions of 
the seams with greater prospects of getting some re- 
munerative price. There were many advantages in low 
temperature carbonization processes, but it was not pos- 
sible to have all the advantages at once. In the ordi- 
nary process of gasworks, a very small proportion of 
the nitrogen was recovered, but low temperature proc- 
esses, where the solid fuel produced was burnt directly, 
as in domestic grates, recovered a smaller proportion 
still. If, however, the solid fuel was consumed in a low 
temperature gas producer, a greatly increased yield of 
ammonia could be obtained. 

Mr. W. J. Rees agreed that the purchase or sale of 
coal on a calorific basis would be advantageous. He 
did not think it was the purchaser but the colliery pro- 
prietor who stood in the way in that connection. If 
such a scheme could be brought into operation success- 
fully, it would be to the mutual benefit both of the col- 
liery owner and the user of the coal. 

The president remarked that the origin of Dr. Hal- 
dane’s experiments was that he had found that miners 
as a class were particularly free from tubereulosis, and 
having regard to the dusty conditions in which they 
were working, he was led to believe it might be due to 
the coal dust. The fog question was more important 
still. The fog caused the rise in mortality, and the dis- 
comfort, and he thought that most of the troubles aris- 
ing from the imperfect combustion of coal were not due 
to “smuts,” but to the products of distillation. 

Professor Armstrong in reply said that he wished to 
make it clear to this society that it had a mission 
which it could fulfill, There was now a golden oppor- 
tunity for it to take up this subject and make it their 
own. They should be put in a position to approach Par- 
liament on the subject and urge our views upon them. 
The whole subject must be dealth with from a practical 
point of view and proved by results. Great credit was 
due to a man like Mr. Elwell Parker for conceiving the 
idea and spending so much time in experiments on a 
subject of which he knew nothing—that was the type 
of man who started things in this country; but some 
concerted effort should now be made to work the prob- 
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lems out. They could be worked out in a very few 
years, he was sure. The original coalite process was 
a low temperature process conducted in such a way that 
the products were carried off immediately, and there 
was practically no benzine or toluene in the tar, but 
a good deal of carbolic acid of much higher quality 
than was produced in any other way. The real source 
of benzine in those processes was not the tar but the 
gas. The gas produced was very rich, and if stripped 
it gave a satisfactory amount of benzene, leaving gas of 
a high calorific value which needed dilution to be used 
for ordinary steam-raising purposes. He now felt 
highly confident that the work had been taken in hand 
in such a way that there was every prospect of good 
results being attained. His own view was that the gas 
industry ought to take the matter very seriously into 
consideration. 

Influence of the War on British Tar Distillation In- 
dustry.—In a paper presented at the recent meeting of 
the Society of Chemical Industry in Edinburgh, W. H. 
COLEMAN gives some interesting data as to the present 
status of the British tar distillation industry. The 
biggest problem is the disposal of the pitch. The price 
of this product fell considerably after the war started 
due to the stoppage of exports. Most of the pitch 
exported was used in making briquets. Several pro- 
posals have been made for utilizing this pitch. One 
proposal was to mix a proportion of pitch with the coal 
charged into the gas retorts. It has also been proposed 
to render non-coking coal fit for coking by adding a 
proportion of pitch before charging into the ovens. No 
results on this have been published and it offers little 
hope since most coking coals lose their coking property 
when heated to about 400 deg. C. It is possible that 
low-temperature pitches, such as those obtained from 
the producer and the blast furnace tars, may be more 
suitable for this purpose than gas works tar, and 
coke oven tar. One field which offers considerable 
promise is the making of briquets. Very large quan- 
tities of slack coal are produced and if the slack were 
washed, the nuts being used for fuel direct and the 
finer briqueted a greater efficiency will result. Large 
quantities of coke breeze might also be usefully formed 
into briquets. Outlets for benzol and toluol have to 
be found when the demand for explosives ceases. The 
revival of the color industry will take some, but the 
balance could be used as motor fuel in admixture with 
alcohol. Creosote may have a bright future in Diesel 
type engines. On June 30, 1916, there were 356 tar 
distillation plants, a very rapid increase having taken 
place as in 1912 there were only 221. The author sug- 
gests the establishment of a central research labora- 
tory, some of the questions to be solved being as fol- 
lows: The cause of corrosion in tar stills. Is the 
present method of separating the fractions the best 
in view of the products required? An investigation 
of creosote oil and of the lesser known bodies in the 
distillates with a view to finding uses for them. An 
investigation of coal gas pitch to find means for ren- 
dering it less brittle when cold and raising its melting 
point, so as to render it, if possible, more suitable for 
replacing natural asphalt. The standardization of the 
methods of testing coal tar products. Meetings might 
also be held from time to time to discuss ways and 
means of preventing useless competition and confer- 
ences might take place with representatives of the gas 
making and coke oven industries to discuss questions 
of mutual interest. Many other suggestions might be 
made but the whole can sbe summed up by saying that 
the great need is organization and co-operation, so 
that advantage may be taken of all opportunities of 
improving the prospects of the industry. 
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Progress of Rare Earth Industry in England.—In a 
Society of Chemical Industry paper presented at the 
recent Edinburgh meeting, SIDNEY J. JOHNSTONE gives 
a review of progress in the British rare earth indus- 


try. The British industry has undergone several ex- 
treme changes during the past two years, varying from 
a serious shortage of most of the necessary raw ma- 
terials at the outbreak of the war to a much better 
present position. England formerly imported prac- 
tically all of her thorium nitrate used in making incan- 
descent mantles from Germany. At the outbreak of 
the war these imports ceased and as little was obtain- 
abie from France, and practically none from the United 
States, investigations of sources of monazite sand were 
undertaken. The only known deposits of monazite sand 
of any commercial importance at present are those 
worked on the coast of Brazil and in Travancore, 
India,* the latter sand being of considerably greater 
value because of its higher content of thoria. For 
several years prior to 1914 the whole output of Travan- 
core, amounting to 1300 tons per annum, and equiva- 
lent to 2300 tons of the best grade Brazilian sand, has 
gone to Germany for treatment. The concession for 
working the deposits was held by a British company, the 
London Cosmopolitan Mining Co., and the output was 
sold under contract to a German firm. At present the 
output is going to the United States and England. 
During the past year a considerable quantity of Tra- 
vancore sand was sent to the United States for treat- 
ment and many incandescent mantle manufacturers in 
England have had to depend on supplies of thorium 
nitrate from this country. In addition to the company 
mentioned above, another company, called Thorium, 
Ltd., has recently obtained concessions to work a 150- 
acre deposit. This company ships its output to London 
and manufactures thorium nitrate there. Rights to 
work the Brazilian deposits are mostly held by German 
firms. Each Brazilian state has a separate export 
duty. The quantity exported has gradually decreased 
from 6462 metric tons in 1909 to 1437 metric tons in 
1913. Later returns are not available. 

The incandescent mantle manufacturers in England 
use thoria equivalent to about 650 tons of Travancore 
monazite sand per year. Unless the mantle industry 
is considerably extended, the important resources of 
monazite sand’ will go to other nations, as England is 
not able at present to use a normal year’s output from 
Travancore. There are several industries using small 
amounts of thorium, the most important of which is 
the manufacture of filaments, of an alloy of tungsten 
and thorium, which was imported from Germany. 

Pure cerium compounds, obtained by treating the 
residue after extracting thorium from monazite, suit- 
able for use in the manufacture of incandéescent gas 
mantles and optical glass, can be obtained in adequate 
quantity in England, a fair quantity being imported 
from the United States. Pyrophoric alloys come also 
from the United States. By an “order in council” dated 
February 23, 1916, the export of the oxide and salts 
of cerium, metallic cerium, and its alloys, except ferro- 
‘erium, was prohibited to all destinations. Ferrocerium 
wsa allowed to go to British Colonies. 

Didymium salts, which are obtained from the same 
ource as cerium, and are used for branding incan- 
descent mantles, are imported from the United States. 

Tantalum filaments are being made by one firm in 
‘ngland from tantalite. The zirconia which is used 
: imported from the United States. The author points 
ut that the new British rare earth industries may 
require government assistance, either direct or indirect, 
to maintain their position when peace is declared. 


*The deposits in the United States have not been worked for 
everal years, due to severe foreign competition. 
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Notes on Metallurgical and Chemical Engi- 
neering in Great Britain 
(By our London Correspondent) 


The Ministry of Science 

The creation of a Ministry of Science, is a proposed 
suggestion which has the support of many leading com- 
mercial and scientific men in this country. 

Professor Donnan, F.R.S. of University College, Lon- 
don, in describing the functions of such a ministry pro- 
poses that it should establish national laboratories and 
“Bureaus” for standardization and testing of materials, 
and investigations relating to the scientific development 
of agriculture, the mineral resources of the country; 
sanitation and public health; pure food supply; and the 
application of science to military and naval matters. 

It would also encourage the higher grade schools and 
possibly provide schools for the scientific training of 
journalists “so that there shall be produced men who 
are able to understand, follow and continuously present 
the results of scientific technical development and sci- 
entific inquiry to the readers of the daily Press.” In 
this last projected activity it would almost seem that 
we should be more nearly imitating the country always 
referred to by practical men for the excellence of its 
technical journals, rather than the one whose scientific 
attainments have been drummed into our ears for the 
last seven years—very vigorously for the last two. 


The Prussian Educational System 


Commenting on the contention that the “Prussian 
educational system had . . . great virtues,” a leader in 
the Times educational supplement for August 1, very 
pertinently points out that the object of that system is 
“to produce automata for the service of-the state, with 
the inevitable result that the passions of the victim, 
which are at least as much the true subjects of education 
as brain-power, are in restraint waiting and watching 
for the moment when license becomes possible.” Sel- 
dom has a more clear-headed summing-up of the real 
objects of education been made, even though prefaced by 
the supposition that the object of the Prussian system 
of education was to produce automata for the service of 
the state. The fact that education should aim at fitting 
the subject for contending with the problems and diffi- 
culties of life, and that the capacity and time of the 
subject are limited seems never to penetrate the super- 
consciousness of the political educationist. 


The Daylight Saving Scheme 


The ease with which the country has adapted itself 
to the daylight saving scheme has cast considerable 
doubt on the validity of the ancient maxim “You can- 
not make a man virtuous by Act of Parliament.” (Ref. 
Virtue and Early Rising.) In view of the hoped for 
commercial activity in the future, it seems at least ar- 
guable that the diatribes of scientific men against our 
present mixture of weights and measures should be re- 
inforced by the enactments of authority. The condition 
of the manufacturer who has to transcribe all measure- 
ments into a duodecimal system, ending in three places 
of decimals, is not conducive to getting ahead of the 
rival who simply passes orders and plans through to 
his shops without any such preliminary. At present, 
however, we do not seem to have reached even the stage 
of appointing a committee on the subject. When this 
was raised as a query in Parliament at the end of July, 
the answer was that “the compulsory use (of the metric 
system) was not under contemplation by the Board of 
Trade.” We may take comfort, however, from the 
fact that the necessity for some alteration has been 
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noticed by at least one of our legislators in the midst 
of other pre-occupations. 


Electrolytic Hypochlorite 


Although the valuable disinfectant and sterilizing 
properties of solutions containing electrolytic hypo- 
chlorite of sodium or magnesium are widely known in 
the States, and to chemists on this side, they take a 
considerable time in being discovered commercially. 
That being so, it is satisfactory to note that the in- 
stallation for producing electrolytic hypochlorite of 
magnesium established ten years ago at Poplar, is still 
supplying the solution and assisting to gain public con- 
fidence in its qualities. 

The depot distributed last year 73,970 gal. of disin- 
fectant. (Report of the medical officer of health to the 
Borough of Stepney, Dr. F. W. Alexander, to whom 
the incidence of the enterprise is principally due.) 


Tantalum Used in Interrupter 


Apparently the old trouble with the interrupter on 
the high frequency circuits pertaining to X-ray instal- 
lations has not yet been entirely overcome, to judge by 
the continual issue of new forms. A new interrupter 
was described by Capt. C. E. S. Phillips at a recent 
meeting of the Physical Society of London. This em- 
ploys tantalum instead of copper segments, which have 
the advantage of not retaining a film of mercury, as 
well as high melting point. 


The Society of Chemical Industry 

The annual general meeting of the Society of Chemi- 
cal Industry was held at Edinburgh on July 19, 20, and 
21. Dr. Charles Carpenter of the South Metropolitan 
Gas Company, was re-elected president. In his address 
he gave attention to the final problem, and the question 
of state control and organization of the coal resources 
of the country. The first paper, by Professor Arm- 
strong, was on “Fuel Economy,” and the second on 
“Waste in Coal Production,” by Professor Henry 
Louis. 

The general tendency of the conclusion reached was 
in the direction of central generating stations pre- 
ferably at the pit mouth for the distribution of energy 
recovered from coal. 

An exhibition shcewing the progress of certain 
branches of chemical industry was held at the meeting. 
This included coal tar colors by the British Dyes, Ltd., 
and glass and porcelain chemical apparatus by various 
manufacturers in England and Scotland. A variety of 
chemicals made in this country were also on exhibition, 
including alkaloids, oil shale distillation products, co- 
balt blue (from Canadian ore) and trinitro toluene. 


The National Physical Laboratory 


The report of the executive committee of the Na- 
tional Physical Laboratory has recently been issued, and 
shows, as was to be anticipated, that a large amount of 
the work undertaken has been of a special nature for 
the government. Particulars of this are naturally not 
at present for publication. Besides the usual compari- 
son of private instruments with standards, and testing 
of those required for sub-standards, investigation work 
not of a confidential nature has been carried on, in- 
cluding an inquiry into means of adequate protection of 
X-ray workers, in the direction of obtaining the absorp- 
tion coefficients of materials used for protective pur- 
poses. The laboratory was invited to undertake this 
work by the Council of the Roentgen Society, and ar- 
rangements have now been made to do so. 

The small tungsten arc lamp of Messrs. Girningham 
and Mullard made by the Edison & Swan Co. has been 
adapted, in larger sizes to optical pyrometer work, as a 
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source of radiation and promises to give very satisfac- 
tory results in the saving of time as compared with the 
use of furnaces. 

It is necessary to record the death of Sir William 
Ramsay on July 23. As many obituary notices will 
have already reached the States, further record of the 
widespread regret in scientific and other circles will be 
superfluous. Sir William Ramsay was a man of many 
and unexpected accomplishments, and there must be 
many spheres of activity and usefulness the poorer for 
his decease. 

Market Prices for July, 1916 


Copper opened at 103.10.0, being then inclined to fall, 
and went off gradually till the 6th (£97) after which 
it fell sharply to £91 on the 7th. On the 10th it had 
reached £85, and then recovered in two days to £93, but 
did not retain this price, and showed £88 on the 18th. 
Again hardening, it had risen to £97 by the 25th and 
closed at £111. 

Tin opened at £172 and was up to £173 by the 6th; 
it showed weakness on the 11th, but kept somewhere 
near the £170 mark till the 17th, when it reached 
£166.10.0, and was down to £163 on the 19th, but re- 
covered, reaching £168.10 on the 21st, but eased off to 
£166 on the 25th. It subsequently again started rising 
and closed at £172. 

Lead opened at £29.10, and continued easier till the 
14th, when it had reached £27; it then recovered to 
£29.5 by the 19th and closed at £29. 

Hematite is quoted 1226 inland and 140 - export. 


Cleveland is quoted 87 6 inland and 95,- to 100/- ex- 
port. 

Scotch Pig.—No prices. 
Aluminum cuttings, ton (approximate) £110 0 0 
Borax, British refined crystal, ton 3006(C«0 COO 
Copper sulphate, ton 51 O08 0 
Ebonite rod, Ib...... 36C«8 
India rubber, Para fine, Ib 210% 
Mica in original cases, medium ,/6to5 oO 
Quicksilver, Spanish, bottle 17 17 6 
Sal-Ammoniac, ton 75 0 O 
Shellac, cwt — . Be 0 
Sulphur, sublimed flowers, ton 15 06 0 
Gutta percha, fine, Ib 6 10 
Sulphate of ammonia 17 15 0 


Recent Metallurgical and Chemical 
Patents 


Electrolytic Cleaning of Silver.—According to a 
patent of JOHN B. HOoEN of Philadelphia, Pa. (as- 
signed to The Frank A. Rolling Co., Inc.) silverware 
may be cleaned by placing it upon a tinned grid in 
the bottom of a container; the grid being supported 
by and in metallic connection with a circular zinc elec- 
trode. An electrolyte prepared with bicarbonate of 
soda and common salt is used, with warm or hot water. 
It is stated that owing to the quick polarization of 
the tinned wires and the high overvoltage of the tin, 
the total flow of current from the zinc to the tin when 
no silverware is present is relatively small. Oxides, 
sulphides, etc., which constitute the tarnish, are read- 
ily reduced. (1,182,173, May 9, 1916.) 

Composition for Metal-Coating of lron.—A combina- 
tion of a metal with mercury bichloride, to be used as 
a protective metal coating, is patented by JAMES H. 
MAppy of New York City, and BRUNo H. SCHUBERT of 
Weehawken, N. J. The coating material is made by 
adding 5 parts by weight of mercury bichloride and 
10 parts of ammonium chloride to 100 parts of zinc 
chloride solution, having a strength commercially 
known as 50 per cent. This solution is mixed with 
the powdered metal to form a paint or paste, and 
applied to the surface of the article to be coated by 
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a brush, and is then melted on by means of a hot blast. 
A heat sufficient to melt the coating metal will pro- 
duce the required adhesion of the coating. The com- 
position is applicable to the coating of articles too 
large to be dipped. (1,183,217, May 16, 1916.) 

Use of Ammonium Sulphate in Making Carbon 
Articles.—According to a patent of ARTHUR T. HINCK- 
LEY of Niagara Falls, N. Y. (assigned to the National 
Carbon Co., Cleveland, Ohio), the addition of 5 to 15 
per cent of ammonium sulphate to a mixture of coke 
and pitch increases the density of the final product 
obtained by baking. It also permits of the use of 
more pitch binder, prevents swelling while baking, and 
shortens the time required for coking the binder. Car- 
bon articles are usually made by molding, tamping and 
forcing them into the desired form from a material 
or mixture consisting of an agglomeration of coke or 
other carbonaceous material and pitch. The mixture 
from which the articles are made is prepared by ag- 
glomerating coke, coal or other carbonaceous material 
with pitch, both being preferably in a powdered con- 
dition, in a vessel which is heated sufficiently to melt 
the latter. Sulphur has been used for a considerable 
time to increase the density of the baked article, but 
the action is not so marked as with ammonium sul- 
phate, or other sulphates, as mentioned in the present 
process. (1,192,062, July 25, 1916.) 

Finely Crystalline Abrasives.—In the ordinary proc- 
ess of making artificial corundum the fused alumina 
is built up into a large ingot of from two to five tons 
in the furnace. The shell of the furnace is removed 
after the ingot solidifies and then it is broken up and 
crushed to the various sizes required for abrasive pur- 
poses. According to a new method described in a 
patent of FRANK J. TONE of Niagara Falls (assigned 
to the Carborundum Co.), the molten material after 
being brought to a high degree of fluidity is tapped 
out in small masses and quickly frozen. This quick 
freezing produces a finely-grained product. It is nec- 
essary to remove the product quickly from the furnace 
by means of qa tapping spout. The product made by 
quick cooling when examined by the naked eye appears 
exceedingly dense and almost devoid of physical struc- 
ture. The general average grain size is about 0.1 
mm., as compared with an average of 0.5 mm. in the 
ordinary product. The special features which charac- 
terize the finely crystalline product from the regular 
product of the same chemical composition are: the 
finer average grain and the more general distribu- 
tion of the small amount of opaque material (consist- 
ng of compounds of iron titanium and silicon) through 
the mass, and the relatively smaller size of the tabu- 
lar type of ALO, crystals showing parting or cleav- 
age lines. The fineness of the grain makes the abras- 
ive more resistant to breaking forces than the larger 
grain material. (1,192,709, July 25, 1916.) 

Aluminous Abrasives from Waste Garnet.—A proc- 

s for the electric furnace production of abrasives 

om finely pulverized garnet ore, occurring as waste in 
garnet works is patented by JOHN DAVENPORT of 
Frighton, Mass. The process is described as having 
been performed on almandite from Wilmot, N. H., 
having the following composition: 


eee rere, ae 36.90 
RR a nt cane vee mde 39.84 
I SS a ivan ik om hk one 18.80 
Ce MN ee ca cme 1.65 
Magnesium oxide ........... 3.27 
Manganese oxide ............ 0.51 

100.97 


Incidental to the production of the abrasives is the 
production of ferrosilicon. The process consists in 
heating the garnet flour in an electric furnace with 
carbon, with the production of oxide of aluminium and 
a ferrosilicon alloy. The furnace in which the process 
is carried out is shown in Fig. 1. It consists of an 
outer iron shell 1, lined with fire brick and having 
electrodes 5 and 16 as shown. An opening, 13, is 
provided for the escape of gases and an opening, 14, 
for feeding in the charge. The charge, consisting of 
garnet and powdered coke intimately mixed, is fed 
into the furnace, which is started in the usual man- 
ner. Usually 18 per cent of carbon is added. Alter- 
nating current of low voltage is used. The action of 
the are rapidly reduces the mixture with which the 
furnace is charged to a molten state since the pure 
garnet fuses at the relatively low temperature of about 
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FIG. 1—ELECTRIC FURNACE FOR ABRASIVES AND 
FERROSILICON 


1260 deg. C. The fusing temperature varies with the 
amount of ferrous impurities contained therein, being 
lower in proportion to the greater amount of iron con- 
tained in the mixture. Additional material may be 
introduced until a sufficient amount of molten mate- 
rial is found to be present in the furnace. During the 
reducing operation an active ebullition occurs, con- 
siderable gas being driven off. As the reducing opera- 
tion proceeds the amount of current is gradually in- 
creased until the temperature within the furnace 
reaches the fusing point of alumina, which is approxi- 
mately 2050 deg. C. When this temperature is reached 
it is maintained until the constituents other than alum- 
ina are entirely reduced and the ebullition ceases. The 
current is then slowly cut down, gradually decreasing 
the temperature to permit the slow crystallization of 
the alumina. It was found that when the molten mix- 
ture is cooled rapidly it produces a tough glassy sub- 
stance which is not properly crystallized and does not 
form a good abrasive, but that when the molten mass 
is cooled slowly the alumina becomes crystallized 
throughout. The ferrosilicon alloy collects in the form 
of lumps or nodules at the bottom and throughout the 
mass which may be separated readily from the alumina 
after the latter is broken. When the entire mass is 
cooled sufficiently the furnace may be dismantled to 
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permit the mass to be broken up into pieces of suit- 
able size to be crushed in the usual crushers for abra- 
dants. This may be accomplished by lifting off first 
the dome, then the iron shell 1, after which the bricks 
may be removed to expose the solid mass of alumina. 
This mass may then be broken by sledges or in any 
suitable manner and afterward run through the 
crusher and graded. The ferrosilicon may be removed 
from the crushed material by a gravity separator of 
the Sutton, Steele & Steele type and may be packed 
for sale to the steel foundries. By adding silica to 
the original charge or during the reducing operation 
aforesaid or by using pulverized garnet ore in which 
the binder contains silica a higher percentage fer- 
rosilicon may be formed, and other substances, such 
as salt (NaCl,) may be added to the charge to facili- 
tate the fusing and to produce a purer alumina, but 
ordinarily this is not necessary as the garnet is in 
itself sufficiently rich in silica and iron for the com- 
plete success of the process as outlined. (1,192,394, 
July 25, 1916.) 

Reduction of Sulphur from Sulphur Gases.—A proc- 
ess of recovering sulphur from sulphur gases in which 
gaseous or liquid reducing agents are used instead of 















































FIG. 2—-SULPHUR RECOVERY PROCESS 


solid carbon as heretofore is patented by WILLIAM F. 
LAMOREAUX of Is@bélla, Tenn. In a previous patent, 
No. 1,140,310, May 18,°1915, of Lamoreaux and Ren- 
wick and application No. 6909, filed Feb. 9, 1915, a 
process was described in which sulphur-bearing gases 
are reduced by the action of incandescent coke or char- 
coal. The coke or charcoal is either heated by elec- 
tricity or the gases are sufficiently preheated. In the 
present process sulphur-bearing gases are mixed with 
a determined amount of reducing agent such as car- 
bon monoxide, hydrogen, hydrogen sulphide, or other 
vapors or atomized liquids obtained by volatilizing, 
atomizing, distilling or carbureting petroleum, bitumen, 
asphalt, etc. This mixture is then passed through a 
mass of incandescent carbon, which is heated by elec- 
tricity. The carbon furnishes the heat necessary for 
reduction, but is not used up to any extent in the 
process. Apparatus in which the process may be car- 
ried out is illustrated in Fig. 2. Sulphur-bearing gases 
from a main 25 are drawn into pipe 29 by the fan 26 
arranged as shown. The gases then pass to a recuper- 
ative chamber 19, in which they pass through pipes 38. 
The exit gases from the furnace pass in an opposite 
direction on the outside of pipes 38 in spaces 22, giving 
up some of their heat to the incoming gases. The in- 
coming gases then pass through pipe 33 into mixing 
chamber 17, which is built in a brick enclosure 18, which 
is also a pre-heater. The reducing gas or liquid is blown 
in at 37. After being mixed the gases pass through pipe 
83 into the furnace and up through coke, which is heated 
by electrodes 46. The sulphur is reduced and passes out 
with the other gases through the recuperative system 
and then to condenser 24, where the sulphur is recov- 
ered. (1,182,915, May 16, 1916.) 
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Apparatus for Burning Cement and Recovering the 
Dust.—Apparatus for burning cement and recovering 
the dust from the kiln gases is patented by Harry J. 
SEAMAN of Catasauqua, Pa. Powdered coal is used. 
The kiln is of the usual construction, consisting of a 
lined cylindrical shell of steel, placed in position 
slightly inclined from the horizontal. The cement 
material is fed in at the upper end and the powdered 
coal nozzle and hot air nozzle which comprise the 
burner are at the other end. The coal drops from 
above into the hot air nozzle and is blown into the kiln 
where it burns. The gases from the kiln pass first to 
a compartment, designated as a separator. In the 
separator the gases pass through vertical steel. tubes 
10 to 15 in. in diameter and 10 to 20 ft. high. In the 
center of each tube conductors are placed, connected 
with a source of high tension current, thus forming an 
electrostatic separator. The gases give up some of 
their heat in the separator to air, surrounding the 
tubes and passing in an opposite direction. The par- 
ticles of dust are driven outward toward the walls of 
the tube and adhere to them or fall below to a screw 
conveyor, which removes the dust from the several 
tubes to a common collecting chamber. Frem this sep- 
arator the gases may go to a bag house, and from there 
to a “scrubber” or gas washer, in which the gas is 
passed through streams of falling water. The air 
which is passed through the separator, as mentioned 
above, to cool the gases passing through the tubes, be- 
comes heated, and after passing through the separator 
is led under pressure to the hot air nozzle of the kiln 
burner, where it is used to force the powdered coal 
into the kiln and aid in its combustion. (1,185,136, 
May 30, 1916.) 


Automatic Steel Hardening and Tempering Appar- 
atus.—An apparatus for hardening and tempering 
thin, flat steel articles is patented by FRANKLIN D. 
FRISBEE and MALCOM H. BAKER of Boston, Mass., and 
assigned to the American Electric Process Steel Com- 
pany of Boston, Mass. The process involves the use 
of several electromagnets and is substantially as fol- 
lows: A number of the thin, flat articles to be treated 
are arranged in a row in a receptacle, at one end of 
which is an electromagnet, operating intermittently 
through a commutator. This magnet when energized 
draws one of the articles to a slot in the bottom of the 
receptacle, through which it drops when the current in 
the magnet is shut off by the commutator. The piece 
then falls between two heating heads, faced with plat- 
inum and also constituting electromagnets controlled 
by the commutator. When the piece is between the 
heads, the heads close and compress the piece, at the 
same time heat is supplied to the heads by gas burn 
ers. After being heated a sufficient length of time, 
the commutator releases the piece and it drops be 
tween two other water-cooled heads, faced with silver 
and operated in the same way, which cool the piec« 
The piece is then dropped to a tempering head, 0: 
dropped into a tempering bath, which completes th: 
treatment. The operation is entirely automatic and 
the timing is arranged by suitably adjusting the con 
mutator. (1,183,809, May 16, 1916.) 





Suit Over Acid in River.—The Tennessee Powe" 
Co., Chattanooga, Tenn., has commenced suit agains’ 
the Tennessee Copper Co., and the Ducktown Sulphur, 
Copper and Iron Works, to recover alleged damage: 
to machinery amounting to $25,000. The complainan' 
alleges that sulphuric acid refuse which was emptie‘ 
into the Ocoee River, from which the Power Compan) 
gets its water, caused some of its machinery to be- 
come pitted and ruined. 
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The Manufacture of Tannin Extracts and 
the Use of a New Evaporator 


The manufacture of tannin and dyewood extracts 
from the natural raw materials, and the recovery of 
tannin extract from spent liquors in tanneries, etc., has 
assumed considerable importance in recent years. Im- 
mediately the industry assumed a position of impor- 
tance it felt the need for chemical engineering control 
and attention in order both to improve the product 
and to increase the efficiency of production. 

There are five important steps in producing extracts 
from the raw materials, which to the chemical engineer 
were obviously open to control, and _ investigation 
showed that on the method of carrying out these indi- 
vidual operations depended the question of producing 
an extract which embodied in the highest degree all 
the requirements of the tanners, or, on the other hand, 
one which could barely be termed a tannin extract. 

The steps in question are as follows: 

1. Suitable maceration of the bark or wood. 

2. Correct extraction conditions. 

3. Clarification of the extract solution. 

4. Concentration of the extract (and in the case of 
some extracts). 

5. Solidification of extract for shipment over long 
distances. 

The first question (suitable preparation of bark, 
etc.), was chiefly the mechanical problem of preparing 
the material in such a form that with minimum power 
and handling, the material will be in the best condition 
for allowing the extraction liquor to remove its soluble 
tannin content. This has been accomplished without 
undue difficulty. 

The second question was found to be of prime im- 
portance to the quality of the product, for by extract- 
ing for too long a period or under other variable con- 
ditions of temperature, circulation, etc., it was found 
that many substances soluble or partially soluble under 
these conditions were extracted with the tannin, and 
on concentration of the liquor a very impure extract 
contaminated with coloring matter, non-tannins and 
even organic acids were obtained. The production of 
a first-grade extract is now obtained by rigidly adher- 
ing to stipulated conditions of extraction. 

The third operation, that of clarification of the ex- 
tract liquor before evaporation, is, of course, patently 
necessary. To obtain an extract of maximum quality 

















THE SIMPLEX RAPID EVAPORATING APPARATUS 


it is obvious that foreign matter such as mud, sludge, 
chips, etc., be eliminated before the concentration be- 
gins. Conditions of clarification vary with the indi- 
vidual raw materials used, and consequently with the 
various plants in operation. 

The fourth step in the process is perhaps the most 
important, for it is at this point that the grade or 
quality of extract is made or marred, supposing the pre- 
ceding operations have been satisfactorily controlled. 

Some liquids on exposure to heat deteriorate rapidly 
in color. For a long time it was supposed that the 

















MULTIPLEX FILM EVAPORATOR, TRIPLE EFFECT 


cause of this deterioration was entirely due to the 
temperature, so that many substances were concentrated 
in vacuum apparatus because the concentration could 
thus be carried out under greatly reduced heat. Ex- 
periments and experience brought out the fact that a 
sensitive material could stand concentration even at a 
high temperature if it could be done quickly, that is, 
if it were not exposed to high temperature for a long 
period of time. 

This fact being established, the “multiplex” film 
evaporator was designed with a view to reducing the 
temperature by vacuum evaporation, and further to 
shortening the time that the liquid is in contact with 
the heating medium. Tannin and dyewood extracts are 
particularly sensitive as to the effect of overheating. As 
a consequence of the use of the “multiplex” triple-ef- 
fect film evaporator, which is described in detail below, 
the liquid to be evaporated enters continuously in a 
very small amount and passes through the apparatus in 
about six minutes, leaving in its concentrated condition. 

In cases where solid extract is desired, the concen- 
trated extract from the “multiplex” at say 30 deg. Be., 
is drawn to a patented “finisher” single-effect pan of 
special design, or to a modified type of simplex rapid 
high concentrator. Solidification of the extract is an 
important economic feature where the product must be 
shipped a long distance. . 

Up to within the past few years concentration of 
tannin, glue, dyewood extracts, etc., has been carried 
out in only single effect, or at most, double-effect ap- 
paratus, in order to reduce the temperature effect. But 
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even in these conditions the effect of time and mass of 
liquid was quite noticeable on the color of the product. 
By the use of a “multiplex” apparatus it is now pos- 
sible to make use of triple-effect evaporation with its 
consequent economies of steam, water, power, etc., and 
obtain a product of prime quality without deterioration. 

Even with a “multiplex” high temperatures cannot be 
totally avoided, but, in consequence of its design, the 
quantity of liquid contained in each separate “effect” 
is so small that the liquid remains in it only one to 
two minutes at most, and is then removed automatically 
to the next chamber at a lower temperature, and finally 
after only six minutes or so is drawn off completely con- 
centrated. In the usual evaporator the liquid is not 
taken from the apparatus for several hours. Most 
liquids will stand the temperatures of evaporation with- 
out injury, their quality only being affected when these 
temperatures act on them in mass for a considerable 
time. 

The standard type of condenser applied to “multiplex” 
condensation is such that all the condensed vapor is re- 
covered in a pure state for re-use in extracting, a very 
important point. The amount of condensing water 
used is reduced as well as the first cost of the vacuum 
pump. 

In view of the success of the “multiplex” evaporator, 
a new type has been designed for use in certain condi- 
tions where multiple effect plant is not required. The 
simplex rapid evaporator has proved that even at the 
temperature of 212 deg. Fahr., prevailing in it, very 
sensitive materials such as glue, colors, etc., show no 
perceptible deterioration owing to the short time oc- 
cupied in evaporation—a few minutes only. 

The simplex works at atmospheric pressure, requir- 
ing in consequence neither air pump nor condenser. It 
uses a very small quantity of steam owing to the pat- 
ent economizer fitted to it; it holds only a small quan- 
tity of liquid; it is simple to attend, continuous work- 
ing, and occupies very little space. 

The photographs indicate one of the many uses to 
which these evaporators have been put in many coun- 
tries and under varying conditions of operation. These 
evaporators are built by Messrs. Blair, Campbell & 
McLean, Ltd., Woodville Street, Govan, Glasgow, Scot- 
land. 


An Improved Centrifugal Pump 


The development of the steam turbine and the high 
efficiency multi-stage centrifugal pump have gone hand 
in hand, but up to the present, it has been difficult to 
reconcile the speeds of the two machines so that each 
would work at its best efficiency. 

It was necessary, heretofore, to reduce the speed of 
the turbine and sacrifice much of its efficiency or else 
speed up the pump with similar results. To overcome 
this difficulty the Cameron Steam Pump Works, 11 
Broadway, New York, have designed and built a multi- 
stage centrifugal pump, known as the “BT” type. 

Fig. 1 shows the construction of one of these three- 
stage pumps. With the ordinary impeller the diameter 
cannot be reduced sufficiently to get high speed without 
sacrificing vane length, and consequently, efficiency for 
a certain vane length is very necessary in order that 
the impeller may perform its function without exces- 
sive loss. Small external diameter and adequate vane 
length are obtained in this pump, by bringing the vanes 
well down into the impeller hub, at the same time so 
turning them that the incoming water is guided 
smoothly, and with little loss into the outer portion of 
the vanes where the velocity is generated that is finally 
converted into useful pressure by means of the external 
diffusion vane. Additional advantages in the small im- 
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peller are light weight and low fiber stresses in the ma- 
terial. 

The casing is divided along the horizontal centerline. 
Both the suction and discharge connections are in the 
lower half of the casing. The upper half is readily re- 
movable, giving full access to the revolving element. 
There are suitable openings for draining the pump and 
for displacing the air when starting. Inlet and outlet 
nozzles can be arranged either on the same or opposite 
sides, an important advantage where pumps are in- 
stalled in limited space. 

The shaft is made of high-grade forged steel accu- 
rately machined and ground, and wherever it comes in 
contact with the fluid being pumped, it is thoroughly 
protected by bronze sleeves, which prevent the stuffing 
box packing from scoring the surface of the shaft. 

Each impeller is cast solid in one piece and is of the 
enclosed type. Surrounding each impeller hub is a pair 
of rings, one stationary, attached to the casing, and one 
revolving, attached to the impeller. By the use of double 
rings instead of a single ring it is possible to restore 
the initial tightness of the joint between the low and 
high pressure sides of each stage without any fitting 
whatever, whereas a new single ring would have to be 
of special diameters, and then fitted to the impeller hub, 
or the casing to make a tight joint. 

The diffusion ring surrounds the impeller at its 
periphery, although it is not in contact with it. It 
contains a series of openings, which receive the water 
from the impellers at high velocity and by means of 
gradually increasing area toward the periphery, reduce 
the velocity into pressure and enable it to advance to 
the entrance to the next impeller with much less loss 
of energy than would be the case if the high velocity of 
ejection were maintained. 

To take care of thrust, which manifests itself in all 
multi-stage pumps, this pump is equipped with a simple 
internal hydraulic balancing device. This device con- 
sists of a revolving disc attached to the shaft at the 
inboard or high pressure end. Opposite this disc is a 
stationary drum of the same diameter. Water at high 
pressure connects with the space between the disc and 
the drum, causing the disc to react against the oppos- 
ing thrust, neutralizing it and holding the rotor in 
proper relation to the casing. The slight leakage in- 
volved in this’ process is piped back to the suction. 

On this pump, there are two ring-oiled bearings, self- 
aligning, one located on each side of the casing. The 
bearing bodies are horizontally split, with removable 
caps, and the bushings are also split and lined with high 
grade bearing meal. Bushings and bearings bodies 
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FIG. 1—THREE-STAGE TYPE “BT” BOILER FEED PUMP, 
SHOWING INTERNAL CONSTRUCTION 
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have a spherical fit, automatically maintaining the align- 
ment of the shaft. The bearings are of ample propor- 
tions to prevent heating, and the oil chamber is of lib- 
eral capacity. The bearings are supported by strongly 
ribbed brackets, cast integral with the lower casing, 
thus counteracting any possible tendency toward vibra- 
tion. These brackets are located sufficiently distant 
from the stuffing boxes te permit of adjustment of the 
glands. Felt washers are provided to prevent oil es- 
caping from the bearings. 

The stuffing boxes are deep and provided with water 
seals, consisting of a lantern gland in each box, con- 
nected to the water from the discharge side of the 
pump, through a concealed passage, so arranged that it 
can be readily cleaned. The stuffing box gland is fitted 
with swing bolts to give quick and easy access to the 
stuffing box. When the pump is direct-connected, it is 
supplied with a shaft coupling of the flexible type, to 
compensate for slight variation in alignment. The bed- 
plate under the pump is of one piece box construction 
heavy enough to give a rigid support, and with cross 
ribs to prevent distortion. 

Several of these pumps are now being built for the 
U. S. Government. 


A Heat-Treating Plant Using Surface 
Combustion 


A novel heat-treating plant is now being completed at 
the works of the Eddystone Ammunition Corporation, 
at Eddystone, Pa., by the Surface Combustion Co., of 
Long Island City, N. Y., to operate on artificial gas, on 
the surface-combustion principle. Surface combustion 
consists essentially in blowing a mixture of air and gas 
onto refractory material producing complete and flame- 
less combustion on the surface of the refractory. 

The theory of surface combustion and the conditions 
necessary for its actual operation were discussed in a 
paper at the International Engineering Congress in San 
Francisco in 1915 by C. E. Lucke, the inventor and 
original patentee of the process. (See this journal, 
Vol. XIII, p. 729, 1915.) See also Vol. XII, p. 325, 
1914.) Considerable experimental work has been done 
by the Surface Combustion Company during the last 
two years on the commercial development of this 
process and a mixer for air and gas has been developed 
which maintains automatically constant mixture propor- 
tions of air and gas and eliminates all motors, blowers 
and air piping. This automatic mixer is a feature 
which has contributed largely to the successful devel- 

pment of the process. It is simple in design and con- 
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sists of two concentric pipes. Through the annular 
space between the two pipes the gas passes under pres- 
sure, while through the inner pipe air is sucked in in 
constant proportion. This constant proportion of air to 
gas is independent of the gas pressure. The principle 
is somewhat the same as that of a Bunsen burner. 

The installation at Eddystone consists of three units 
of one hardening and one tempering furnace each, com- 
prising a total of six furnaces. Two units are now in 
operation and the third is being completed. The fur- 
naces are approximately 22 ft. long, 8 ft. wide, and 7 
ft. high, outside dimensions, and were designed for a 
capacity of 5000 shells, 3 in. diameter and 81% in. long 
per twenty hours per unit. The furnaces have cast-iron 
casings built up in small sections for easy replacement. 
They are lined with ordinary fire brick backed up with 
144 in. of sil-o-cel brick. 

In Fig. 1 is shown the charging end of a hardening 
furnace, back of which to the left can be seen the tem- 
pering furnace which goes with it. Fig. 2 shows the 
other end of this furnace with the oil quenching bath. 
Fig. 3 shows a longitudinal section and Fig. 4 a cross 
section of the furnace. 

The shells are placed on a sliding tray in front of 
the small holes shown and at regular intervals are 
moved into the furnace by the piston of the air-pressure 
cylinder shown. As one row is charged the whole line 
of material on the hearth of the furnace is moved along 
and one row leaves the other end of the furnaces drop- 
ping through a chute down into the oil bath, shown in 
Figs. 2 and 3. 

It was the intention to have the material taken from 
the oil bath by conveyors, and one is shown in Fig. 2, 
but at present this work is being done by manual labor, 
pending the design of a more successful conveying sys- 
tem. 

The material is treated for one hour at 1550 deg. 
Fahr. in the hardening furnace, and after being 
quenched is dried on a drying table and is then 
charged into the tempering furnace which is similar to 
the hardening furnace. The material is drawn at 1150 
deg. and afterwards air-cooled. 

Running through each furnace are eight steel angles 
which act as troughs to carry the shells. A man stands 
in front of each furnace and feeds shells into the angle 
troughs. Every two minutes the pusher pushes the 
shells ahead the length of a shell. This causes eight 
shells to discharge into the oil-quenching bath located 
at the discharge end of the hardening furnaces, from 
which they are taken when sufficiently cool and fed into 





FIG. 1—HARDENING FURNACES, CHARGING END 





FIG. 2—-REAR OR DISCHARGING END 
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FIG. 3 





the tempering furnaces in exactly the same manner. The 
furnace hearths are on a slight slope—8'. in. in the 
total length—and in the last two furnaces now being 
completed it has been decided to give the same slope 
to the roof of the furnace, thus making the hearth and 
roof parallel. In the other furnaces the roof is hori- 
zontal. 

The gas is blown downwards as shown in Fig. 4, on to 
broken alundum where the combustion takes place. Car- 
borundum has also been used for this purpose. The 
heat is radiated from this broken alundum up to the 
sides and top of the furnace and from there to the work. 
The design of the nozzle can be seen in Fig. 4. The end 
of the nozzle is surrounded with fire-resisting material 
to protect the nozzle from the heat and the flares on 
the nozzle just outside the furnace wall also help in 
cooling the nozzle. 

The furnaces are as air-tight as possible. To pre- 
vent leakage in of cold air, which would produce an 
oxidizing effect and by its cooling action would lower 
the furnace efficiency, a slight furnace back pressure is 
maintained. As in all surface-combustion work the 
furnaces are so designed as to develop and utilize the 
maximum possible amount of radiant heat. The flues 
are arranged so as to distribute the hot gases uniformly 
and to release them at the lowest possible tempera- 
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FIG. 4—CROSS-SECTION OF FURNACE 





HARDENING FURNACE 


ture. The hardening furnaces are equipped with 22 
high-pressure burners, and the tempering furnaces 
with 18. All piping is laid in conduits having re- 
movable covers, thereby eliminating all overhead work. 
Each burner is fed by a ‘2-in. pipe from a 1l-in. mani- 
fold. 

Frequent flue gas analyses have shown that it is 
possible to have oxygen = 0.0, carbon monoxide = 0.0, 
and an average of 15.2 carbon dioxide. This shows that 
the heat may be generated with 100 per cent efficiency 
having no excess air or unburned gases. For the pur- 
pose of minimizing the scaling of the shells and to 
lengthen the life of the angle troughs, the furnace is op- 
erated with a slightly reducing atmosphere, carbon 
monoxide reading between 0.3 and 0.5. This is done 
to be on the safe side, as an oxidizing atmosphere would 
be very injurious in this operation. 

All of the furnaces are controlled from a central con- 
trol pulpit. Each furnace is controlled by a single valve 
which regulates the pressure supplied, and thus the 
temperature. The maximum pressure is 25 lb. and the 
minimum 5 Ib. The average operating pressure is 
15 Ib. 

Temperatures are taken by Brown electric recording 
pyrometers, one at each end of each furnace. All py- 
rometers are located in the central control pulpit. This 
allows one man to easily operate all of the furnaces. 
This feature has resulted in considerable saving of la- 
bor. As frequently as many as eight men have been 
necessary to care for burners and the control of tem- 
peratures on a similar number of furnaces of the same 
size, fired by oil. This feature also allows much more 
accurate and careful control as evidenced by the prac- 
tically straight-line pyrometer charts which are secured 
daily. 

There is also located in this pulpit the electric flasher, 
which times the charging operation. This machine 
flashes a red light in front of each furnace every two 
minutes, which flash is the signal for the men to oper- 
ate the pushers. 

Gas is.furnished by the Philadelphia Suburban Gas é 
Electric. Co. of Chester, Pa. Each unit consumes a! 
average of 3300 cu. ft. per hour. The approximate a\ 
erage cost of the gas is 43 cents per 1000 cu. ft. Iti 
furnished on a sliding-scale rate. 

Several oil-fired furnaces operating on fuel oil cos' 
ing 0.045 per gallon of practically the same size an 
doing the same work were in operation prior to the i: 
stallation of these furnaces. One of these oil-fired fu! 
naces was carefully tested, over a period of several day 
the oil being measured in a calibrated tank. Subs: 
quent tests of the gas-fired farnace showed a lower 0)- 
erating cost on this work. 
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A New Important Installation of Pulverized 
Coal Under Stationary Boilers 


When during the winter of 1912 the natural gas 
supply was limited in quantity and fuel oil hard to 
obtain in Kansas, the Missouri, Kansas & Texas Rail- 
road Company officials decided to investigate other 
methods for generating steam in their boilers at the 
power house of their new shops at Parsons, Kan., where 
eight 250-hp. O’Brien boilers of the Heine water-tube 
type were installed with equipment for using only nat- 
ural gas and oil as fuel. Some of the other fuels avail- 
able in the district which would be within an econom- 
ical range as to cost delivered at their plant were soft 
coals from the mineral mine in Kansas, McAlester and 
Lehigh mines in Oklahoma, and lignite from Texas, 
with the following government analysis«as received: 


Fixed Volatile B.t.u 

Kind of Coal Carbon Matter Ash Moisture Value 
Mineral 45.22 26.39 20.38 8.01 10640 
McAlester 47.07 32.37 14.29 6.27 11837 
Lehigh $1.40 31.28 19.29 8.03 11200 
Lignite 25.50 33.9 7.58 2.97 7548 


The sulphur separately determined ranged from ap- 
proximately 3°to 5 per cent in the varigus soft coals. 

Owing te the ash and moisture content of these avail- 
able fuels, it was determined by the Missouri, Kansas & 
Texas Railroad officials to investigate the method of 
using these fuels in a pulverized form, as they were 
aware of the fact pulverized bituminous coal had been 
in constant use in the cement industry, in a major por- 
tion of the plants throughout the country, and on many 
industrial furnaces for years, and the method of pre- 
paring this fuel eliminated almost all of the moisture 
before injection into the furnace, thereby obtaining the 
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1—42-IN. FULLER-LEHIGH PULVERIZER MILLS IN 


highest possible B.t.u. value.in the firebox from the fuel, 
instead of the loss that would obtain if used in the old 
way, by hand-firing or stokers, with fuel ordinarily re- 
ceived from the cars, as it was found cheaper to drive 
off this moisture in dryers designed for the purpose. 

During this investigation the Missouri, Kansas & 
Texas Railroad officials found the Fuller Engineering 
Company of Allentown, Pa., had made an exhaustive 
study of fuels in pulverized form, designed and built 
coal-pulverizing plants throughout the world, and had 
already operated boilers with pulverized coal, and they 
were therefore engaged to design and construct what 
in their opinion would meet the requirements of these 
fuels. 

After several conferences with Mr. Kellogg, superin- 
tendent of motive power of the Missouri, Kansas & 
Texas Railroad, the contract for this entire installation 
was signed and given to the Fuller Engineering Com- 
pany of Allentown, Pa., on May 1, 1913, at Parsons, 
Kan., and all material and machinery was fabricated 
and delivered in Parsons in the fall of 1913, but in the 
meantime, owing to financial conditions, it was thought 
wise not to make the change at that time. 

In the early part of 1916 orders were given to proceed 
with the work. The work was started in the spring, 
completed, and put into successful operation on Aug. 
1, 1916. 

Various tests were made with the different fuels 
mentioned above, and all of them were burned with 
entire success, showing no destructive effect on the fire- 
brick walls of the furnace, but giving a most effective 
distribution of the heat throughout the several! passes 
of the boiler and exceptional heat absorbtive effects 
throughout the heating surface of the boiler with low 
stack temperatures. No deposit of ash settled any- 
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COAL PLANT AT PARSONS, KAN. 
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where in the boiler but what was readily dislodged with 
an ordinary air blast. The evaporation obtained with 16 
per cent CO, in the stacks was 10.7 lb. of water per 
pound of combustibles from and at 212 deg. 

As this is the first large installation of pulverized 
coal under a complete battery of boilers, the two accom- 
panying illustrations of the plant should be of interest. 
Fig. 1 is a view of the 42-in. Fuller-Lehigh pulverizer 
mills, and Fig. 2 a view of the O’Brien type water-tube 
boilers operating on pulverized coal at Parsons, Kan. 


Interesting Developments in Domestic 
Porcelain Ware Manufacture 
Interesting developments are occurring in the chem- 


ical porcelain ware industry in this country. The in- 
dustry is growing very rapidly, and the manufacturers 
who have undertaken to supply this country’s demands 
for high-grade porcelain ware, which was mostly im- 
ported before the war, are certainly to be congratu- 
lated on their success. They deserve the encouragement 
and support of our chemists, chemical industries, and 
of the government. 

Two large pieces have been recently made by the 
Guernsey Earthenware Company, Cambridge, Ohio, 
consisting of a retort and evaporating dish. These are 
shown in the accompanying illustration. The retort 
measures 34 in. high, 34 in. diameter, 20 in. across the 
top, 20 in. across the bottom, 16-in. opening at top, and 
has a capacity of 30 gal. The evaporating dish meas- 
ures 11 in. high, 28 in. diameter, and has a capacity 
of 10 gal. These two pieces are claimed by the makers 
to be the largest pieces of chemical porcelain ware made 
in America up to the present time. The Guernsey 
factory now has a capacity of approximately 5000 pieces 


VIEW OF O'BRIEN TYPE WATER TUBE BOILERS OPERATING ON PULVERIZED COAL AT PARSONS, 


KAN. 


per day of chemical laboratory porcelain, and arrange- 
ments are being made to increase this to 10,000 pieces 
per day. 











LARGE CHEMICAL PORCELAIN PIECES MADE IN AMERICA 

















A Large Cooling Tower 


What is believed to be the largest natural draft cool- 
ing tower so far built has recently been completed at 
the Anderson, Ind., plant of the American Steel & Wire 
Co. This tower is of the Wheeler-Balcke type built by 
the Wheeler Condenser & Engineering Co., of Carteret, 














LARGE COOLING TOWER AT AMERICAN STEEL & WIRE CO. 


N. J. The tower is approximately 150 ft. long, 50 ft. 
wide and 75 ft. high and has a yellow pine frame with 
cypress sheathing and filling. The tower, as shown in 
the accompanying photograph, has two chimneys which 
rise above the cooling stacks and create the air circu- 
lation by natural draft. The capacity of the tower is 
7300 gal. a minute cooled from 115 to 85 deg. 


Personal 


Prof. Charles H. Herty, Dr. W. R. Whitney, Dr. 
L. H. Baekeland and Prof. Warren K. Lewis have 
been appointed by the American Chemical Society 
to co-operate with the committee of the National 
Academy of Sciences on the nitrate question. 


Mr. A. C. Lyon is in charge of the newly formed 
General Testing Laboratory at Kansas City, Mo., or- 
eanized to conduct chemical, physical testing and 
metallurgical work. Mr. Lyon was formerly for a 
long time chief chemist and vice-president of the 
Kansas City Testing Laboratory, and previous to that 
ime he was with the Carnegie Steel Co. The offices 
nd laboratory of the new company are at 1122 Grand 
Avenue, Kansas City, Mo. 


Mr. William D. Manchester of Rocky Hill, Conn., 
as been appointed superintendent of the crushing 
epartment of the Chile Exploration Co., Chuqui- 
amata, Chile. 


Mr. C. R. Pafenbach has resigned as chief chemist 

the Simonds Manufacturing Company, Lockport, 
Y., to take charge of the chemical and metallurgical 
rk of the Covert Motor Vehicle Company of Lock- 
% NH. EX. 


Mr. J. B. Risque has resigned as manager of the 
‘nnessee Copper Co., and Mr. N. H. Emmons, 2nd, 
is been appointed manager to succeed him. 


Mr. C. B. Semple, formerly manager of the Chicago 
fice of the Duplex Metals Co., and more recently 
th the Hazard Manufacturing Company, has been 
‘pointed manager of the copper-clad steel depart- 
ment in the Chicago office of the Steel Sales Cor- 
ration. 
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Mr. Thomas M. Skinner, Jr., has resigned as super- 
intendent of the Mid-Continent Chemical Co., of 
Sand Springs, Okla., to accept the position of assist- 
ant manager of the Potash Products Co., Alliance, 
Neb. 

Mr. Ivan P. Tashof has resigned as instructor in 
mining and metallurgy at the College of Mines and 
Metallurgy of the University of Kentucky, and will 
enter the practice of patent law with Messrs. Byrnes, 
Townsend and Brickenstein, of Washington, D. C. 

Mr. J. A. Wilkinson has been elected president of 
the Chemical, Metallurgical and Mining Society of 
South Africa. 

Mr. G. H. Wohlhaupter, formerly connected with 
the Utah Copper Co., is now conducting flotation ex- 
periments for the Stimpson Equipment Co., of Salt 
Lake City. 





Industrial Notes 


New Electric Heater.— Messrs. Woldenburg & 
Schaar, Chicago, Ill., have placed on the market a 
new electric heater for use in the laboratory in heat- 
ing flasks, beakers and general apparatus. The 
heater is designed for practically all purposes for 
which Bunsen burners and hot plates are used. The 
top of the heater will accommodate a 1-liter flask. 
For use as a hot plate a metal disc is supplied which 
fits on the top. For heating test tubes a perforated 
cylinder is supplied. 

New Borax Fields in Chile-—According to a report 
from the commercial attaché at Santiago, Chile, new 
fields of calcium borate are said to have been found 
near Iquique, and that 150 claims, or 18,750 acres, 
have been solicited. Average values of 15, 20, 30, 40 
and 60 per cent of borax are given. 

Fuel Testing.—Messrs. Eimer & Amend, New York 
City, have issued an interesting and valuable booklet 
on “Fuel Testing Apparatus.” The booklet discusses 
coal-testing methods, the sampling of coal, and gives 
a detailed outline of procedure for determining heat 
of combustion of fuels in the Emerson calorimeter. 
The method of standardizing a calorimeter is also 
given, together with descriptions of the Parr calori- 
meter and accessory apparatus required for fuel test- 
ing, such as electric furnaces, electric ovens, pyrom- 
eters, grinding machines, etc. 

The Crocker-Wheeler Company, Ampere, N. J., an- 
nounces that its San Francisco district office, of which 
Mr. W. K. Brown is district manager, has been re- 
moved from the Crossley Building, 619 Mission Street, 
to the ground floor of 37 New Montgomery Street. A 
large assortment of motors, generators and trans- 
formers will be carried in stock for the convenience of 
buyers of electrical equipment on the Paseific Coast. 

Aluminium and Bauxite In 1915.—The production 
of bauxite in the United States in 1915, according to 
a recent Geological Survey report, was 297,041 long 
tons—an increase of 35 per cent over 1914. This is an 
abnormal increase and is accounted for by the large 
increase in the manufacture of aluminium. The fig- 
ures for the consumption of aluminium in 1915 are 
given as 99,806,000 lb., over 20,000,000 lb. more than 
consumed in 1914. The Aluminium Co. of America 
greatly extended its operations during the year and is 
continuing to expand and increase its production so 
as to be able to supply the domestic demand, even with 
all imports cut off. 


Large Increase in Lime Used by Chemical Works.— 
The amount of lime used in 1915 by chemical works 
increased 34 per cent over 1914, according to figures 
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gathered by the U. S. Geological Survey. These fig- 
ures are interesting, as they show the greatly in- 
creased activities of our chemical industries. The 
lime for chemical works represented nearly one- 
seventh of the total quantity used in 1915. This does 
not include lime used in smelters, alkali works, glass 
works, and many other industries. The amount sold 
to chemical works in 1915 was reported as 492,870 
short tons. 

Grinding Machinery.—The Colorado Iron Works Co., 
Denver, Colo., has issued pamphlet No. 31, describing 
ball and tube mills and grinding pans. The pamphlet 
is nicely illustrated and contains considerable read- 
ing matter of great technical value, including tables 
of slime density relations. 

Fuel in Russia.—The general opinion of Russia is 
that it is a country very much backward industrially, 
and from other points of view. It is well known, 
however, that enormous natural resources are con- 
tained in the country. Since the war started Russia 
has had to rely on its own resources. According to 
the Chemical Trade Journal and Chemical Engineer 
the condition as to fuel is, however, quite serious. 

That which in normal times, and more than ever 
now, renders difficult the distribution of fuel in 
Russia is the absence of means of communication, 
and, above all, the lack of rolling stock. It is to this 
lack that Russia owes her economic torpor, and her 
finding herself at the present time, from the point 
of view of the supply of fuel, in a somewhat dis- 
tressing condition. As on the other hand very severe 
restrictions on the cutting down of forests have been 
prescribed, the employment of wood as a substitute 
for coal has been rendered very difficult. 

The situation has, however, been relieved by the 
utilization of the petroleum with which the country 
is so abundantly provided, and particularly by the 
use of the residues from distillation. From January 
to September, 1915, the shipments of naphtha and 
its derivatives by the Volga exceeded by 33 per cent 
those of 1914. This supplementary use of oil may 
be reckoned as 80 million poods, which, on a colorific 
value of 10,000 calories, would correspond to about 
two million tons of coal. 

Until about 1910 Russia restricted herself to the pro- 
duction of coke without recovering the by-products, 
valuable for so many purposes. At the end of 1913 the 
number of recovery coke ovens in the whole of Russia 
was 848. Their output (for the whole of 1913, for six 
months only of 1914 and 1915) was as follows: 


—In Poods 
1914 


1,439,000 
558,000 


1,656,000 
628,000 


The production of coke in the Donetz region was 
278 million poods in 1914 and 251 millions in 1915. 
It will be seen that two-thirds of the coal are still 
carbonized without the recovery of the by-products. 

Russia is the most important producer of oil in 
Europe, and the second in the world, the United 
States being the first. The principal center is situ- 
ated in the Baku region. The Russian production 
has not, however, in the last ten years had the in- 
tensive development that has characterized the Amer- 
ican and Roumanian production. While the world’s 
output has increased from 29,775,000 tons in 1906 to 
57,920,000 tons in 1914, the Russian production has 
only passed from 8,168,000 to 9,173,000 tons in the 
same space of time. There was a slight increase for 
1915, 13 million poods more than in 1914, the yield 
being 9,348,000 tons. 
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Book Review 


Niagara, Queen of Wonders. By Edward Theodore 
Williams. 188 pages, profusely illustrated. Price, 
$2.00. Boston: Chapple Publishing Co., Ltd. 

This is a most interesting book, a graphic history of 
the development of Niagara in three centuries. The 
author is the president of the Niagara Frontier His- 
torical Society and has been for eleven years managing 
editor of the Niagara Falls Journal, and for five years 
industrial agent of Niagara, N. Y. 

The author first takes up the early history of the 
Niagara frontier, beginning with the struggle between 
the French and English for control, the occupation of 
Fort Niagara by the United States, and the war of 
1812. A letter by Peter Kalm, dated Sept. 2, 1750, 
reprinted as being the first account of the Falls in Eng- 
lish, is a charming human document. 

The author next discusses the “free Niagara” project. 
Up until 1885 the shore of the Falls was occupied by 
so-called squatting interests who taxed visitors to the 
limit. In 1885 the New York legislature passed a bill 
appropriating money to acquire necessary land includ- 
ing islands near the Falls to make a public park and 
thus make the Falls free to all. The bill was passed on 
recommendations of a commission. 

The first real power development, the hydraulic canal, 
was commenced by Horace P. Day in 1853 and finished 
in 1861. He spent a lot of money and was not success- 
ful. It was not until 1875 that it was successfully used. 
The canal was purchased by Jacob F. Schoellkopf of 
Buffalo, in 1877, and the original Hydraulic Power & 
Mfg. Co. formed in 1878. Three generations of the 
family have been in control ever since. Dynamos were 
installed by this company in 1881. In 1895 they com- 
menced power station No. 2 which has since been super- 
seded by station No. 3, one of the finest in the world. 
Most of this company’s power is used in electrochemical 
and electrometallurgical work. 

The development of the Niagara Falls Power co. is 
next taken up, beginning with the granting of the 
charter by the N. Y. legislature in 1886, which gave 
them the right to develop 120,000 hp. from one tunnel 
and 100,000 hp. from another. Owing the federal re- 
structions the second tunnel was never constructed. The 
first power was delivered by this company on Aug. 
26, 1895, to the Pittsburgh Reduction Co., now the 
Aluminum Co. of America, which company now uses 
75,000 hp. The allied company, the Canadian Niagara 
Power Co., was also formed at this time. At present 
the American company furnishes 106,000 hp. and the 
Canadian company 112,500 hp. 

Details of the growth of the City of Niagara Falls, 
N. Y., are next given, with a list of the important 
plants. The great question of diversion is taken up, 
including a discussion of agitation against further de- 
velopment, the findings of the International Waterways 
Commission, the passage of the Burton Act in 1906, 
limiting diversion of water on the American side, and 
Secretary of War Taft’s opinion after his hearing at 
Niagara in 1907. The Burton law requested the Presi- 
dent to open negotiations with Great Britain and « 
treaty was effected in 1910, for five years, terminable 
on 12 months’ notice. - 

The author is strongly in favor of further diversions 
and many data are given to show that scenic grandeur 
will not be destroyed. A discussion of Federal vs. State 
control is also included. 

Taken in the whole, the book is very suggestive reac- 
ing and contains much that will be new even to those 
who have been fond of Niagara and Niagara history for 
years. 





